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PREFACE TO FIRST EDITION. 



It was the intention of the late Professor Henslow 
to publish a small volume^ of Lessons on Botany, in 
illustration of the methods which he employed with 
such eminent success in his class at the University 
of Cambridge, and also in his parish school at 
Hitcham, in Suffolk.* 

At the time of his lamented decease he had col- 
lected a considerable amount of material for this 
work, but it was not left in a sufficiently forward 
state to send to the printer without addition and 
modification. 

In July of the present year, Professor Henslow's 
manuscripts intended for the work were placed in 
my hands by Dr. Hooker and the Rev. George 
Henslow, with full permission to make what use I 

• The Leisure Hour for 1862 (page 676) contains an account 
of Professor Henslow's method of teaching Botany in Village 
Schools, by the Rev. George Henslow. See also Professor 
Henslow's pamphlet, Illustrations to be employed in Practical 
lessons on Botany^ adapted to Beginners^ published by Messrs. 
Chapman & Hail, 1858. Price td. 
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thought proper of his material in the preparation 
of an inexpensive book, designed to teach the 
Elements of Botany on Professor Henslow*s plan 
of selected Types, and by the use of " Schedules." 

Feeling that there might be good service in a 
book of this kind, which, instead of interfering with 
the excellent text-books of Botany already published, 
might serve rather as introductory to them, and 
suffice, with constant reference to the plants them- 
selves, to insure to the diligent learner a sound 
foundation for more advanced Botanical studies, I 
determined to prepare these " Lessons in Elementary 
Botany," basing the systematic portion (Part II.) 
upon the Type Lessons, which formed the largest 
and most valuable part of Professor Henslow's 
manuscripts. 

As no sufficient introduction to Systematic Botany 
had been prepared by Professor Henslow, I have 
drawn up a few chapters, embracing the elements of 
Structural and Physiological Botany, treated in as 
simple a way as appeared to me consistent with 
practical usefulness. These elementary chapters it 
is desirable beginners should master before under- 
taking the methodical study of the Ordinal Types. 
In working up the latter, I have made the most 
free use of Professor Henslow's materials, frequently 
quoting entire passages from his manuscript. I have, 
however, omitted much which Professor Henslow 
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had introduced, with a view to show the important 
" instructional vailue " of Botany as an " educational 
weapon," in the opportunity which Botanical Lessons 
afford the teacher of introducing to his class a large 
amount of useful information upon topics of the most 
varied kind. Thus I find a lesson in pneumatics 
apropos of pop-guns made of the stem of the 
Elder ; an account of soap-making, and the method 
of ascertaining specific gravities, in connexion with 
the Olive order, represented in Britain by the Ash ; 
how to analyse a Potato, under the Bittersweets ; an 
account of wonderful bells, under the Bellflowers; 
of glass-making, under the Saltworts, formerly burnt 
for the sake of their alkaline salts ; of brewing, under 
Hops; and the like. I have omitted such matter 
because it would require more space than could be 
afforded in a book of small cost, to be used by 
private learners as well as by teachers; and also 
because the variety of topics which a teacher may 
thus introduce, and which his own intelligence may 
suggest, is infinite. 

Professor Henslow's plan of employing *' sche- 
dules," designed to direct the attention of the pupil 
at once to the most important points of structure, I 
have adopted in my own class with much advantage. 
Their use should be commenced as soon as the 
first six chapters are thoroughly acquired. Any 
printer would strike off a few hundred blank 
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*' schedules " at a small cost, but the necessary 

form may be easily drawn with pen or pencil by 

the student himself. I strongly recommend their 

use, both by private students and in colleges and 

schools. 

Most of the excellent woodcuts employed in this 

work were drawn by Professor Henslow's daughter, 

Mrs. Barnardy of Cheltenham, from the admirable 

Sheet Diagrams designed by Professor Henslow, and 

executed by Mr. Fitch, for the Committee of Council 

on Education. They have been liberally placed at 

the disposal of the publishers by the Rev. George 

Henslow. 

D. O. 

Kew, September 1868. 

In the present edition I have made several im- 
portant alterations and added as much new matter 
as I could venture to, having regard to the character 
and extent of the book in its earlier form. 

Kkw, July 1878. 



LESSONS IN BOTANY. 

PART L 

CHAPTER I. 

A BUTTERCUP IS EXAMINED. 

1. The Root— Its form and general structure : it penetrates 

the soil ; is colourless ; irregularly branched ; destitute of 
leaves ; and its extremities are sheathed. 

2. The Stem. — It ascends ; is coloured ; bears leaves and 

branches at definite points : the extremities are not 
sheathed, but give off, successively, rudiments of leaves. 

3. Foliage-leaves. — They are bonie by the stem only. " Radi- 

cal " and ** cauline " leaves : thin, coloured green, consist- 
ing of an horizontally expanded blade with, or without, a 
petiole. 

4. Flowers consist of leaves. The peduncle. Suppression of 

intemodes in flowers. The receptacle of the flower. 

5. The sepals ; forming the calyx. 

6. The petals ; forming the corolla. 

7. The stamens ; bearing anthers which contain pollen-grains. 

The stamens are hypogynous. 

8. The carpels ; each containing an ovule. The stigma. The 

style. The carpels, collectively, constitute an apocarpous 
pistil. 

9. The carpels persist after the other parts of the flower fall 

away. The fruit ; seed ; embryo and albumen. 
10. A summary of the parts examined. 

GATHER, first of all, a specimen of the Common 
Buttercup. 
There are at least three different plants included under 
this name, almost equally common in meadows and 
pastures over all England, and most of Scotland, but as 
fi o.B. , B 
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they nearly resemble each other it does not signify which 
is taken. In gathering the specimen take it up carefully, 
so that the root may be uninjured. 

Proceed now to examine your buttercup. 

I. Observe the ROOT, noting in what respects it differs 

from the parts which grow above ground. It consists of 

numerous fibres, about the thickness of small whip-cord, 

tapering at their extremities and giving off irregularly 

many thread-like fibrils. It is desti- 

^ lute of the green colouring of the 

' stem and foliage, being pale or nearly 

white ; it bears neither buds nor 

^ leaves, and its branches, from their 

direction, appear to have avoided the 

o light. 

" If you can find the tip of one of 

the root-fibres uninjured, cut it off, 
and examine it minutely with your 
magnifying glass. In case you nave 
not the means of examining it with 
a higher magnifier, you will find 
. - figure I a sufficiently correct repre- 

sentation of it, divided through the 
F"!- .1. •"-Longiiudliul middle and magnified many times. 
treml^of'S lalaJJbre The point which I want you particu- 
of Buiiercup, mag- larly to note is this. The extremity 
mISf' Ti^e^'^. ''^ *^ ^^'^ '^ covered by a closely 
root-fibre. ' fitting sheath, protecting the actual 

growing point, which is hidden im- 
mediately within the end of the sheath, to which it is 
directly joined. This protecting sheath is being con- 
stantly renewed, at its inner side, by the " growing point," 
so that as the outer layers become worn or withered, by 
forcing a way through the soil and pebbles, they are 
constantly replaced by inner layers which take their turn, 
replace them, and then die ; to be in like manner replaced 
by fresh inner layers derived from the "growing point," 
so long as the root continues to live. 

The " growing point," as I call it, you perceive consists 
of a group of minute thin-walled cells with opaque 
contents, the arrangement of which in relation to each 
other, or indeed to the surrounding tissues, can hardly be 
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made out excepting in very thin slices dipped in caustic 
potash, or some other reagent, to render them sufficiently 
transparent No single cell of the group monopolises 
the originating of new tissue. 

You find, then, that the root avoids the light ; that it is 
pale or nearly white ; that its fibres give off, irregularly, 
numerous delicate thread-like branches (fibrils) ; that it 
is destitute of buds and leaves, and that the tips of the 
root are protected by cellular sheaths. 

2. Now examine the Stem. 

You observe, at once, that the stem rises directly from 
the ground, seeking, rather than avoiding, the light. In 
one kind of buttercup, growing in moist soils, there are 
two sorts of stem on the same plant ; one a creeping 
stem, which has the power of giving off roots freely at 
its joints, and which, spreading along the ground, multi- 
plies the plant by forming offsets, and the other an erect 
stem bearing flowers. It is the flower-bearing stem we 
are speaking of just now. 

Excepting the lowest thickened portion, more or less 
buried in the soil, the stem is coloured greeti, and not 
being woody we may speak of it as herbaceous. It bears 
several foliage-leaves arranged on different sides of the 
stem. The lower ones spring in a tuft from its base, and 
have, long stalks. The upper foliage-leaves are without 
stalks, and arranged singly on the stem, although some- 
times they are so deeply divided as to look as though 
they were in threes. 

If we examine the growing-point of a young stem 
under a magnifying glass, carefully dissecting away the 
leaves which surround it, we shall find that to the very 
apex it continues to give off, successively, minute lateral 
prominences, which are the rudiments of leaves. Both 
foliage and flower-leaves originate upon the stem in the 
same way, but they soon become different, both in their 
arrangement, form, texture, and colour. The stem never 
terminates in a cellular sheath like that which protects 
the tips of the root. 

• The branches spring from points where foliage-leaves 
are given off from the stem ; each branch occupying the 
angle (called the axil of the leaf) which the leaf makes 
with the stem. 

B 2 
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At the extremity of the principal stem of your fully- 
grown buttercup, you find a tuft of coloured leaves form- 
ing a flower. All the branches, also, end in flowers or 
flower-buds. 

The stem, we find, ascends ; is coloured green, and is 
herbaceous in texture ; it bears foliage-leaves and ends in 
a flower. 

3. Foliage-leaves. — I use the term foliage-leaves at 
present simply in order to avoid confusion with the 
leaves of which flowers are composed. It is not neces- 
sary you should always call them so, but it is necessary 
that you thoroughly understand that, speaking generally, 
whatever is borne by the stem and its branches is a lea/ 
of sofne kindj whether it be green, as are foliage-leaves, 
or coloured, as are flower-leaves. 

We have already remarked that the lowest leaves have 
long stalks. As they seem to spring from the root they 
may be called radical leaves. They really spring from a 
portion of the stem, which is thickened and more or less 
buried underground, giving off root-fibres below and 
radical leaves from above. This portion of the stem 
is called the stock. 

The point on the stem from which any leaf is given off 
is called a node ; the space between two nodes is called 
an internode. It is owing to the non-development of the 
internodes of the stock that the leaves which it bears 
appear to be given off in a tuft. 

Each radical leaf consists of stalk and blade; the stalk 
supporting the blade is called a petiole. The base of the 
petiole, observe, is more or less sheathing, and the blade 
is much divided into deep segments^ which again are 
further more or less lobed. The upper leaves, obviously 
springing from the stem, may be described as cauline. 
Being destitute of petioles, they are termed sessile. The 
same word is used of any part of a plant to denote the 
absence of a stalk, whether that stalk be a petiole (which 
is the stalk of a foliage-leaf only) or not. All the foliage- 
leaves have the blade spread out more or less horizontally, 
and they are all coloured a deep green. They may be 
hairy ^ or Xit,2x\y glabrous^ that is, destitute of hairs. 

We find, then, the foliage-leaves to be borne by, and 
around, the stem ; they are thin, coloured green, and 
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consist of petiole and blade, or of bliide only ; tbe blade 
being spread out horizontally. We now come to the 
examination of the 

4. Flowers, and as the leaves of which these consist 
are smaller than the foliage-leaves, and some of them, in 
the buttercup, very small indeed, it will be necessary that 
you be very careful in your observations, making sure 
that you thoroughly understand every stage of your 
progress. 

The upper part of tbe stem serves as a stalk to the 
flower. Flower-stalks are distinguished as peduncles. 
The peduncle of the buttercup may be either round or 
furrowed, according to tbe kind which you have gathered. 
Before proceeding to dissect {to separate carefully into 
its pieces) a flower, select one that has but just opened, 
and which has lost none of the parts which it possessed 
while still a budj that is, before it expanded. 

Observe, first, that all the coloured leaves which form 
the flower arc apparently arranged upon the very summit 
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of the Stem. The internodes of the stem which separate 
the upper foliage -leaves cease, or are suppressed, in the 
flower, so that aU the parts are in close juxtaposition. 
This is characteristic of flowers. The top of the flower- 
bearing stem, from which the flower-leaves collectively 
spring, is called the leeeptacle, oxfleral leceptacle. 
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5. Proceed next to note that there are, in the flower, 
five separate outer leaves arranged in a whorl j small, 
coloured yellow, and either spreading or sharply curved 
bade, according to the kind ot buttercup you are examin- 
ing. These leaves are each entire — that is, without the 
dobes or divisions of the foliage-leaves. They fall off 
early, and hence may be described as deciduous. These 
five outer leaves of the flower are singly termed calyx- 
leaves or Sepals : together they form the Calyx of the 
flower. The sepals being yr<?^, that is, separate from each 
other and from the other parts of the flower, the calyx is 
polysepalous* 

6. Immediately inside the calyx are five rather larger, 
separate, nearly sessile, brightly coloured leaves. These 
also are arranged in a whorl, and they are singly placed 
opposite to the intervals between the sepals ; not opposite 
to the sepals themselves. Like the sepals they are de- 
ciduous. Singly, they are the corolla-leaves or Petals; 
the five together form the Corolla of the flower. The 
petals being free, the corolla is polypetalous j being equal 
m size and form, it is also regular, 

7. In the examination of the rest of the 
flower much nicety is required. Having 
stripped off the sepals and petals singly, 
and laid them aside, proceed to the tMrd 
series of flower-leaves. 

These are very different in form and 
structure from both sepals and petals, 
though, like them, they are all free ; that 
is, distinct from, and independent of, each 
other. They each consist of a lower stalk- 
like portion, bearing an upper somewhat 
thickened, oblong, and grooved liead. This 
Fir,. 3.- Stamen Stalk is termed the filament; the oblong 
of Buttercup, head which it supports, the anther; and 
these together constitute a staminal leaf 
or Stamen, The stamens of the buttercup are shorter 
than the petals. As they are numerous, considerably 

* The prefix poly- (iroXrfr, many) is used when applied io sepals 
and petals, to denote that the sepals or petals &re/ree rather than 
that they are actually niany in number. Usually there are not 
moce than three, four, or five sepals or petals in a flower. 
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more than twice as many as petals, they are said to be 
pofyaiulrvus. 

The anthers we must examine more closely. We have 
already observed that there is a groove up the iaei (outer 
side), and another, less distinct, along the 
face (inner side). These grooves divide the ^^ ^k 
anther into two io6es, right and left. If the 9!^^ 
anther be ripe, each of these lobes will split gk ^n 
open near the outer edge, allowing certain ^^ JK 
fine powdery grains which it contains to be ^^^M^ 
easily removed by insects or otherwise. ^p V^ 
These grains being as essential to the flower ^^^ — Pol- 
as they are characteristic of the stamen, we ha *Eniiii 

must carefuOy examine them under a micro- "f ffutier- 

seope. Fig. 4 shows them highly magnified. dU^d}."'^' 

We find that they are distinct globular 
cells with minutely granular contents. These globular 
cells wc call t'h.e pollen, and each cell is a. pollen-grain. 

Remove all the stamens, noting the minute, closely- 
packed, and spirally-arranged scars which remain after 
you have picked them off. You find 
the stamens, like the sepals and petals, 
inserted direcdy upon the floral re- 
ceptacle. This being the case, they 
are technically described as hype- 
gynous. 

8, You have now left a small head, 
consisting of numerous distinct, but 
very closely - packed, sessile leaves, 
extremely unlike either sepals, petals, 
or stamens. Separate one of them, 
and try to cut it through lengthwise. 
Fig. s shows one thus treated. It is Y\a. s.— Vertical sec, 
hoUow, containing a single, pale- gm of « cMpei of 
coloured body, attached to the base one"in"trt™'*ovl3a 
of the cavity. This is the rudiment (magaijud}. 
of a future seed, and it is termed, in 
its present stage, an ovule. The hollow leaf which con- 
tains and protects the tender ovule is called a carpellary 
Uafor Carpel. 

Examine the outside of any one of these carpels with a 
magnifier, and you must observe that the upper portion 
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is somewhat pointed, ending in a loose, cellular tip. This 
cellular surface is termed the stigma. It is invariably- 
present. The lower portion of the carpel, containing the 
ovule, is the ovary. The stigma is very shortly staJked 
in the buttercup. In many plants the stalk of the stigma 
is of considerable length, sometimes several inches ; 
whether long or short, however, it is called a style. If 
there be no style, the stigma is sessile. 

The structure of all the carpels of the buttercup is iden- 
tical : they each contain one ovule, and are each provided 
with a stigma, and a very short style. 

The carpels, taken together, constitute the pistil; they 
are the fourth and last series of the flower-leaves, and 
occupy the centre of the flower and, consequently, the 
extremity of the stem. As the parts of the pistil in the 
buttercup are wholly free from the calyx, the pistil is 
termed superior^ and as the carpels which compose it are 
free from each other the pistil is apocarpous, 

9. Gather now another specimen of the buttercup : one 
in a more advanced state, with the sepds, petals, and 
stamens of some of its flowers all fallen away, and only 




Fig. 6. — Longitudinal 
section of a fruit- 
carpel {achene) of 
Buttercup, contain- 
ing one seed. 




Fig. 7. — Longitudlial 
section of a seed of 
Buttercup, showing 
the minute embryo 
at the base of the 
albumen. 



the heads of carpels (pistils) remaining. The pistil here 
is passing into fruit. The carpels remain distinct from 
each other as at first, but they have enlarged and hard^ 
ened ; the stigmatic apex has dried up, so that the top 
of each carpel is simply pointed or slightly hooked. Open- 
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ing any ripe carpel, a single seed will be found filling its 
cavity. If we cut one of these seeds right through length- 
wise, we shall find that it consists of a very thin (mem- 
branous) shell, the testa^ enclosing a solid, uniform and 
homy substance, called the albumen; near the base of 
which, very carefiil observation will detect a minute body, 
the embryo or germ of a future plant. Fig. 7 shows such 
a section of the seed and the position of the embryo in 
the albumen. Sow, if you like, a few of the fruit-carpels ; 
the carpel will decay away, and the seed, under favour- 
able circumstances, will germinate and grow up into a 
buttercup plant. 

10. You ought now to have a good idea of a buttercup, 
so far as its general structure is concerned. But before 
we proceed to future chapters, in which we shall inquire 
into the relation of the various parts of the plant to each 
other, into the office or function which each is intended 
to perform, and the relation which the organs of other 
plants bear to those of our buttercup, let us recapitulate 
the different parts which we have observed thus far. If 
there be any part which has not been clearly made 
Qut, make a point of understanding it before proceeding 
farther; 

We have, first, a Root, which descends into the soil, 
giyes off fibrils irregularly, and is pale-coloured ; the 
fib^s have their extremities sheathed, and, as they do 
not give off the rudiments of leaves, the root is leafless. 
It \% at first directly continuous with, and appears to pass 
into, the stem, but, in plants which are fully grown, the 
ori^al root is supplemented by other root-fibres which 
are^lven off from the lower part of the stem. 

•rhe Stem ascends, bears foliage-leaves, from the axils 
of tjie upper of which spring branches ; it is coloured 
green more or less, and terminates in the head of 
coloured leaves forming the flower. 

Root and Stem, therefore, we find opposed to each 
other in the directions which they respectively take, as 
well as in several points of structure. Together they may 
be regarded as constituting the axis of the plant ; the 
root being the descending^ the stem the ascending portion 
of the axis. Upon the ascending axis all the leaves^ both 
foliage i^nd flower-leaves, are arranged. 
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Leaves.— These, we have founds are of five different 
kinds. First are the radical and cauline 

(i.) Foliage-leaves, called simply leaves.* Then come 
the flowers, terminating the stem and its branches^ con- 
sisting of — 

(2.) Calyx-leaves J called sepals. 

(3.) Corolla-leaves, called petals. 

(4.) Staminal-leaves, called stamens. 

(5.) Carpellary-leaveSf called carpels. 



* In many plants we may dbtingaish two modifications of 
the leaf below the flower-leaves, besides the green foliage-leaves ; 
but as it is not important to distinguish these ia the buttercup, 
we shall pass them by at present. 
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CHAPTER II. 

EXAMINATION OF A BUTTERCUP CONTINUED. 

X. The buttercup fisules. Why? Experiment shows that it is 
because water is withheld. 

2. The root an absorbing organ. 

3. Water is exhaled from the leaves. Transpiration. Ab- 

sorption. 

4. Other substances, besides water, are absorbed. The ash and 

inorganic constituents of plants. 

5. The organic compounds of carbon, oxygen, hydrogen, and 

nitrogen. 

6. Ternary and quaternary compounds of these elements are in 

contrast. 

7. Source of carbon in carbonic acid. 

8. Liberation of oxygen by plants under the influence of sun- 

Hght. Assimilation. 

9. Source of nitrogen. 

10. Processes of absorption, transpiration, assimilation, and 
respiration, perfomved by 'organs of nutrition,' viz. the 
root, stem, and leaves. 

I. "D Y this time the specimen of buttercup has probably 
D faded ; the leaves, now become soft and flaccid, 
are drooping, and the stem has lost much of its stiffness. 
How is this ? 

If the specimen be not quite withered, plant it again in 
the soil, and cover it with a flower-pot, or, better and 
more easily done, put the root in water, and place the 
whole in a cool shaded place for a few hours. We shall 
anticipate matters, and suppose that diis has been already 
done, and that you tried the experiment in this way upon 
three distinct specimens of buttercup. No. i you left 
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lying upon the table. No. 2 was placed with its root in 
water. No. 3 was hung upside down, with a flower or 
leaf in water, the root in the air. 

The general result of your experiment will be as fol- 
lows : — After the lapse of, say, twenty-four hours or so, 
No. I will be, as we have already found, faded ; No. 2 
will be nearly unaltered ; No. 3 will be partially faded, the 
parts out of water especially. Hence we may gather that 
water supplied to the specimens prevents them from fading, 
especially if it be supplied to the root. On the other 
hand, if water be withheld, they fade. 

2. If we take now the faded specimen first described 
and put its root in water, and leave it for a few hours in 
a cool, shaded room, we shall probably find, unless it be 
irretrievably withered, that it freshens more or less, the 
leaves and stem, recovering their tension, become firmer 
and more nearly like their original state. 

This experiment shows us, further, that water supplied 
to a fading buttercup enables it to recover. 

Reflecting upon these experiments, we shall be led to 
the following conclusions ; — 

i. That water evaporates from the exposed surface of 
plants. 

ii. That fresh supplies are taken into the plant by the 
root. 

iii. That the stem serves to convey this water-supply 
from the root to the leaves. 

3. We may now try another simple experiment, devised 
by Professor Henslow, which shows that exposure to 
direct sunlight has an almost immediate influence upon 
the amount of this evaporation of water from the leaves. 
Take six or eight of the largest, healthy, radical leaves of 
the buttercup you can find ; two tumblers filled to within 
an inch of the top with water, two empty, dry tumblers, 
and two pieces of card, each large enough to cover the 
mouth of a tumbler. In the middle of each card bore 
two or three small holes just wide enough to allow the 
petiole of a leaf to pass through. Let the petioles hang 
sufficiently deep to dip into the water when the cards are 
put upon the tumblers containing it Having arranged 
matters thus, turn the empty tumblers upside down, one 
over each card, so as to cover the blades of the leaves. 
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Place one pair of tumblers in the sunshine, the other pair 
in a shady place. In five or ten minutes examine the 
inverted tumblers. That exposed to the sun you will find 
already lined with dew on its cool side, while that kept 
out of the sun is still nearly or quite clear. It is manifest, 
therefore, that evaporation from the leaves must be not 
only rapid, but considerable in amount, when plants are 
exposed to the sun, especially in a dry atmosphere. 

How far this increiased evaporation in sunlight may be 
due to the specific action of light apart from increase of 
temperature and modification of the condition of the sur- 
rounding atmosphere in respect of its humidity, is a ques- 
tion which does not at present admit of a clear answer. 

This exhalation of vapour from the surface of plants is 
technically termed transpiration. A correct understand- 
ing of the process explains how it is that plants growing 
in parlours are apt to become faded even when watered, 
because the taking up of water (termed adsorption) by the 
roots cannot always keep pace with the transpiration from 
the leayes, owing to the rapid evaporation excited by dry- 
ness of the air. Since the specimen No. 3, experimented 
upon at the beginning of the present lesson, ^ded, not- 
withstanding the immersion of some of its leaves, it is 
clear that the root is the part which performs the office 
of absorption principally. 

Every part of a plant or animal appropriated to a dis- 
tinct purpose or function is termed an organ. Hence the 
root may be called the or^an of absorption of the plant. 

4. Now, not only is water absorbed by the root, but 
also various substances which are dissolved in the water. 
Hence we find, if we bum a plant carefully, that an ash 
remains, consisting of such of these substances as are not 
dissipated by heat, which were absorbed in this way, and 
which had been made use of by the plant, or stored away 
in its tissues. Of the simple elements known to chemists 
about twenty occur in the ash of plants ; many of these, 
however, in very minute quantities, and never all in the 
same plant. Sulphur, phosphorus, potash or soda, lime, 
and silex, are those most generally found. 

5. But if we analyse an entire plant, and not the ash 
only, we shall find constantly present, besides some of the 
above, the elements carbon, oxygen, hydrogen, and nitro- 
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gen. And these elements are present, there is reason to 
believe, in every organized being, whether plant or animal, 
in combinations peculiar to organized beings. Hence, 
they may be called the organic elements^ in contradistinc- 
tion to the (mineral) elements found in combinations which 
are not peculiar to organized beings, and several of which 
remain in the ash of plants when burnt. The latter may 
be called the inorganic elements. 

6. These four organic elements do not exist separately 
in the plant, but, as we have said, in combination. Thus 
the carbon is united with oxygen and hydrogen (the last 
two the elements of water), forming the basis of a series 
of compounds, called ternary compounds^ because they 
are composed of three elements. The nitrogen, with the 
addition of sulphur, occurs combined with the same three 
elements, forming a more complex compound, called 
protoplasm^ the medium through which all phenomena 
of vitality are primarily manifested. And these two series 
of organic compounds stand in remarkable contrast to 
each other in the plant, both in respect of the structures 
in which they respectively take more or less prominent 
{)art, and of function, as we shall point out when we come 
to speak of the minute structure of plants. 

7. We have already explained how water (oxygen and 
hydrogen) finds access to the plant, as well as certain 
mineral substances which may be held in solution by the 
water. With regard to the important element carbon, 
experiments clearly show that it is absorbed in combina- 
tion with oxygen, as carbonic acid gas, which occurs as a 
constant constituent of the atmosphere ; and the green- 
coloured organs of plants, under the. influence of sunlight, 
possess the power of abstracting it directly from the air. 

8. But the most remarkable circumstance attending 
this absorption of carbonic acid is the liberation of 
oxygen gas by the leaves, very nearly to the amount 
absorbed in combination with the carbon of the carbonic 
acid gas. This liberation of oxygen is most easily shown 
by taking a few leaves which have been first soaked a 
day or two in water, so as to become saturated, and 
exposing them, plunged in water containing carbonic 
acid (as ordinary spring or pump water, in which it is 
always present), to airect sunlight. Minute bubbles will 



II.] A BUTTERCUP. 15 

be given ofFj under favourable circumstances, in a rapid 
and continuous stream. These bubbles consist of almost 
pure oxygen^ 

. This ^xation of the carbon and liberation of the oxygen 
of carbonic acid has been termed vegetable respiration; 
but as: the conditions which obtain are the reverse of 
those characteristic of animal respiration, it may be more 
correctly spoken of as characterising the process of 
vegetable assimilation. Since the relative proportion of 
oxygen in the products of assimilation is much less than 
it is in carbonic acid and water, this liberation of the 
oxygen in excess becomes a necessary concomitant in the 
process. 

Repeated experiments have shown that some of the 
parts of the flower, seeds when germinating, and also 
plants or their organs which are not coloured green, 
absorb oxygen from the air, and give off carbonic acid 
gas. This may be regarded as a respiratory process, 
corresponding precisely w:ith that of animals, and accom- 
panied by the liberation of sensible heat proportioned to 
the intensity of the combustion. It is not improbable 
that the green parts of plants also may, at least . in the 
dark, absorb oxygen and give off carbonic acid in the 
same way, but in these parts the amount of carbon fixed 
greatly predominates over that which is liberated. The 
mutual relations, however, of these processes are as yet 
but imperfectly understood. 

9. It is not yet perfectly clear from what source the plant 
obtains its nitrogen ; not that the element is scarce, since 
it forms four-fifths of the atmosphere, but the precise 
state and combination (as in ammonia and nitrates) in 
which it enters the plant, is still a matter of inquiry and 
discussion among scientific men. It is not absorbed, as 
free nitrogen, directly from the atmosphere, for purposes 
of nutrition. 

10. The processes which we have briefly described of 
absorptiony transpiration y assimilation, and respiration, 
we find, mainly concern the root, the stem, and the 
leaves. These are the food-providers and preparers of 
the plant Hence we may speak of them collectively as 
the Nutritive organs; the root being, as we have shown, 
the organ specially of absorption, the foliage-leaves of 
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transpiration, assimilation, and respiration. The stem, 
when green, assists the leaves in their work; but, speak- 
ing generally, it may be regarded merely as the support 
of the leaves, maintaining their connexion with the root 

In our next chapter we shall inquire into the mutual 
relations and functions of. the leaves which compose the 
flower, deferring further reference to the chemistry of the 
organs until we speak of their minute structure. 
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CHAPTER III. 

FURTHER EXAMINATION OF A BUTTERCUP. 

I Function of the flower-leaves. Organs of reproduction. 

2. Sepals and petals do not take part, directly, in the process 

of reproduction. 

3. The function of the stamens. • The pollen-grains are trans- 

ferred to the stigma, and develop pollen-tubes. 

4. The ovary of each carpel contains an ovule. The structure 

of the ovule. It contains a large cell to which a pollen- 
tube reaches. An embryo develops in this cell. 

5. Deciduous and persistent organs of the flower. 

6. Characters are derived from the reproductive organs, which 

form the principal practical basis of classification. 

I. T^ 7E have already seen in the case of our butter- 
VV cup that the flower results in a head of fruit- 
carpels, each carpel containing a seed. The seed we 
found to contain the minute germ of a future buttercup, 
which we called the embryo. As it is the special function 
of all the leaves which compose the flower to contribute 
to this formation of embryo-containing seeds, by means 
of which the buttercup is enabled to reproduce and mult- 
iply its kind, we may term all the parts of the flower 
organs of Reproduction^ in contradistinction to the organs 
considered in our last chapter, which contribute primarily 
to the conservation of the individual buttercup, and 
which, from their functions, we styled, collectively, organs 
of Nutrition. 

2. The four series of leaves of which the flower is com- 
posed do not each flilfll an equally essential part in the 
production of the seed. The calyx, the corolla, and the 
stamens are deciduous. They fall away, leaving the 
O.B. c 
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carpels to mature into fruit. But they do not generally 
fall until after an important function has been accom- 
plished by the stamens, either of the same flower, or of 
another flower of the same kind of buttercup. This 
function we shall briefly refer to here, deferring a fuller 
account of it to a later chapter, when we shall have to 
compare the stamens and carpels of the buttercup with 
the stamens and carpels of other plants. 

The two outer series of flower-leaves, the sepals and 
petals, may be regarded simply as organs designed to 
protect the smaller and delicate parts which they enclose 
during their early development ; and perhaps, also, from 
their more showy colour and greater size they may serve 
to attract insects which, we shall And, have an important 
work to perform, as aids in securing the formation of 
good seed. Hence the ca]yx and corolla are termed the 
envelopes of the flower. As both calyx and corolla are 
present in the buttercup, the envelope of the flower is 
double^ or in two series. Hence the flower is termed 
dichlamydeous, 

3. The anthers, we have observed, are divided length^ 
wise into two lobes, which lobes, after the expansion of 
the flower, become fissured near their margins, so as to 
liberate the grains of pollen which they contain. About 
the time that the anthers open to discharge their pollen, 
we may observe the stigma of each of the carpels to be 
rough with minute projecting cells, which, on careful 
microscopic examination, we shall find to be slightly 
moistened. Upon the stigmas, after the flower has been 
open a few hours in fine weather, there may usually be 
found a few grains of pollen, which have either reached 
the stigma by direct contact of the anthers, or by means 
of some insect visiting the flower in search of nectar, and 
which, unwittingly, conveyed some of the pollen, acci- 
dentally adhering to its hairy limbs and body, to the 
stigma. This transfer of the pollen from the anthers to 
the stigma is of essential importance. If we separate a 
few stamens, with their anthers and pollen, and keep 
them apart from the rest of the flower ; or if we remove 
all the carpels in a bud, so that stamens only remain 
within the envelopes, we shall find that they ultimately 
shrivel and wither up — pollen grains, and all — without 
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undergoing further change. But the case is different 
wilh the grains of pollen which reach the stigma. After 
an interval (varying in difTerent species from a few hours 
to several months) we find the pollen-grains begin to 
grow — in this way : — 

Each grain of pollen, as we have already learnt, is a 
single cell. These cells almost invariably have a double 
coat, an outer and an inner; and in the outer coat there 
are frequently thin places, or actual openii^s here and 
there, which permit the inner coat to grow through it at 
one or more points. This growth of the inner coat of the 
pollen-grain is encouraged by the moisture which bathes 
the stigma, so that at length it protrudes, and, like an 
excessively minute root-fibre, penetrates the substance 
of the stigma, and passes down through the very short 
style, until it reaches the cavity of the ovary. As the 
changes of which we speak can only be observed under 
a considerable magnifying power, we shall explain them 
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more clearly by reference, to the cuts, which represent 
some grains of pollen which have developed tubes reach- 
ing into the ovary. 
4, The ovary contains a minute seed-bud, the ovule. 
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which ovule in the buttercup is inverted (anatropous)i 
The ovule consists of a central cone, called the nucleic of 
the ovule, around which central cone is a layer of cells 
forming the coat of the ovule. This cellular coat grows 
up around the nucleus, and closes over it, excepting at the 
top, where a very minute aperture through the coat is 
always left. This aperture is called the tnicrqfiyle. Owing 
to the ovule of the buttercup being inverted (a very fre- 
quent condition), the micropyle is found at the base of the 
ovule. 

By the time that the pollen-tube has reached the cavity 
of the ovary, certain inlportant changes have taken place 
in the cells which form the nucleus of the ovule. One 
cell has enlarged greatly, at the expense of its neighbours, 
so as to occupy a considerable part of the nucleus. This 
enlarged cell is called the emhryo-sacy because within it 
we find the embryo to originate. But this does not take 
place until after the pollen-tube has reached the micropyle 
of the ovule, and actually penetrated to the upper end of 
the embryo-sac, against which it becomes closely applied. 
Presently, after this contact of pollen-tube and embryo- 
sic, a membranous cell-wall forms around a condensed 
segregated portion of the protoplasmic contents of the 
upper part of the embryo-sac, independently of the mem- 
brane of the embryo-sac itself. This new cell by repeated 
division ultimately developes into the embryo. At the 
sime time^ in the lower portion of the embryo-sac, an 
indefinite number of minute cells, originating in the same 
manner, lay the foundation of the albumen, which in the 
buttercup acquires, and permanently maintains, a rela- 
tively large bulk as compared with the embryo, and the 
ovule then becomes the young seed. 

5. We now understand why the sepals, petals, and 
stamens may be spared so early. Their function is soon 
accomplished, and their texture is too delicate to allow 
them to persist, although in some flowers the calyx or 
corolla, from a more succulent, or, on the other hand, 
from a dry membranous texture, may remain a consi- 
derable time after flowering. Such a calyx or corolla is 
termed persistent, 

6. From what we have here described of the functions 
of the different organs of the flower, the high importance 
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to the plant of their proper performance must be plain. 
On this ground, therefore, and from the general constancy 
which the parts of flowers present in their principal fea- 
tures, both in the structure of the several parts and in 
their relations to each other, in groups of plants which 
from numerous general resemblances we may reasonably 
imagine to be related by descent (that is, related to each 
other in the same wav that Europeans are more nearly 
related to each other than they are to the negro or Indian 
races, or as the different kinds of flsh are more nearly re- 
lated to each other than they are to birds or reptiles), 
botanists make use of characters afforded by the organs 
of the flower and fruit, to mark, in words, the principal 
divisions of the vegetable kingdom. Hence it is desirable, 
before we proceed to consider the organs which are more 
subject to variation, that we should acquire a correct no- 
tion of the nature of the principal modiflcations to which 
the parts of the flower are liable in different plants. 

With a view to this, and that you may be enabled at 
once to commence the examination and the describing of 
flowers, we shall proceed in our next chapter to compare 
with that of buttercup the flowers of a few common plants, 
representing the most important types, or kinds of modi- 
fication, of floral structure. 
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CHAPTER IV. 

COMMON FLOWERS TO COMPARE WITH BUTTERCUP. 

1. Common plants are examined and compared with Buttercup 

in order to illustrate the more important modifications 
which they severally present, due, chiefly, to varying con- 
ditions of cohesion, adhesion, and suppression of parts. 

2. Buttercup. 

3. Wallflower. 

4. Pea. 

5. Bramble. 

6. Apple or Pear. 

7. Cow Parsnip or Carrot. 

8. Daisy. 

9. Deadnettle. 

10. Primrose. 

1 1. Stinging Nettle. 

12. "Willow. * 

13. Points of agreement in the structure of the plants just 

examined. 

14. These characters are strengthened by other characters 

derived from the seeds and wood. 

15. The structure of the seed. A Bean is selected. The parts 

of the seed and of the embryo. 

16. Germination, and the way in which it takes place in the 

Bean. 

1 7. Comparison of the seeds of Bean and Buttercup. Albumin- 

ous and exalbuminous seeds. 

18. They are both dicotyledonous. 

19. No characters are absolute. 

I. /'^ATHER flowers of as many of the following com- 

Vj mon plants as you are able. The accompanying 

woodcuts must do duty for those which are not in flower, 

or which happen to be out of reach : — 

Wallflower, Pea, Bramble, Apple (or Pear), Cow Parsnip 
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(or Carrot), Daisy (or Ox-eye), White or Purple Dead- 
nettle, Primrose, Stinging Nettle, Willow, Arum or 
Cuckoo Pint, Spotted Orchis, Daffodil, Tulip, Wheat, 
Scotch Fir. 

There are three conditions which play a most important 
part in modifying the structure of flowers, to which we 
must direct attention before proceeding. These are 
cohesion y adhesion^ and suppression. The first two terms 
are used by botanists to denote the union of like (cohesion) 
or unlike (adhesion) parts of the flower. Thus union of 
sepals with sepals, of petals with petals, of stamen with 
stamen, of carpel with carpel, is said to be due to cohesion 
— parts of the same whorl or series being concerned. 
Union of corolla to stamens, or ovary to calyx, or of 
stamens to corolla or to pistil, is due to adhesion — parts 
of different whorls or series being concerned. 

The term suppression is used to denote the absence of 
parts in a flower, which, from analog,* we might expect 
to find. Thus we shall find that m some flowers the 
corolla is suppressed, in others the corolla and stamens, 
or the corolla and pistil. Sometimes but a single series 
of organs, either stamens or pistil, constitutes the flower, 
the three other series being suppressed. Single parts of 
a series, also, as a sepal, a petal, &c., when absent are 
said to be suppressed. 

2. In the BUTTERCUP neither cohesion, adhesion, nor 
suppression of parts occurs : hence its flowers consist of 
four series of organs. We have a — 

Calyx .... inferior dccA . . polysepalous 

Pistil .... superior . . . apocarpous 

In the examination of the flowers now before us we shall 
find manifold variety in respect to these conditions of 
cohesion, adhesion, and suppression. 

3. Wallflower. — There are four free sepals, four 
free equal petals, and six free stamens, of which four are 
long and two short (hence called ietradynamous). The 
pistil at first sight looks as though it consisted of a single 
carpel ; but you may observe that the stigma is indis- 
tinctly two-lobed. This would indicate that we have two 
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carpels cohering togetfaer. Further examination of this 
curious pistil we postpone. The flower of Wallflower 



yic. lo.— Pistil and siamens Flo. ii.— Sinelesiamm 
of Wnllflower, the sepals of same : tHe anlher 

moved. the pollen, 

may be described :— Calyx inferior, polysepalous ; corolla ' 
polyPettdous, regular; stamens hypogynous, tctradyna' 
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mous; pistil superior (that is as to the ovary), sjntcarpoiis 
that is, with carpels cohering). 

4. Garden Pea, — The calyx presents a. new feature. 
It is in one piece. But it is five-toothed, and the teeth 
indicate the number of sepals irhich compose Ihe calyx. 
The calyx is gamosepalous ; that is, composed of coherent 
sepals. The corolla consists of five free unequal petals ; 
it IS therefore polypelalous and irregular. 

The stamens are not mserted strictly upon the floral 
receptacle, butj owing to a slight adhesion contracted with 



flower with a sharp knife from below upwards will show. 
The stamens are hence called perigynous. Count Ihem 
carefully. You will find there are ten of them {decan- 
drous), nine coherent by their filaments into a bundle, 
one {the upper one) distinct. Cohering thus, in two 
bundles or sets, they are called diadelphous. 

The pistil is free from the calyx, and consists of a single 
caipel, as you may determine from the undivided stigma 
and one-celled cavity of the ovary. It is superior and 
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apocarpous ^monocarpellary). The flower of the Pea 
may be descnbed ; — Calyx inf trior, gamosipalous ; corolla 
polypetalous, irregular; stamens perigynous, decandrout, 
diadelphous : pistil superior, apocarpous (mo?wcarpcllary). 
J. Bramble (Blackberry).— The calyx at first sight 
appears to consist of five distinct sepals, but closer ex- 
amination will show that these are coherent below, and 
that the calyx is really gamosepalous. As there is no 
adhesion to the pistil, it is inferior. The corolla is tegular 
and polypetalous, the stamens are polyandrous, and, as a 
vertical section of the flower will snow, perigynous, b^g 



Fig. i;.— Varlical seciiod of a flowM of Bnunblt. 

inserted upon the calyx. The pistil is superior and 
apocarpous, presenting neither cohesion between its 
carpels nor adhesion with the calyx. Calyx inferior, 
gamosepalous; corolla polypetalous, regular; stamens 
perigynous, polyandrous; pistil superier, apocarpous 
(pofycarpellaty). 

6, Apple or Pear.— Either will serve. Make, first of 
all, a vertical section through the centre of a flower. You 
observe of the calyx that not only is it gamosepalous, by 
cohesion of its sepals, but that its luSe is adherent to the 
pistil (ovary). It does not matter to us at present how 
the tube of a calyx originates ; whether from the union of 
sepaline leaves, or by an outgrowth of the margin of the 
pednncle itself, — in other words, whether it be essentially 
foliar or axile. The consequence of this adhesion is, that 



IV.] cow PARSNIP. 27 

the calj-x appears to spring from above the ovaiy. 
Hence it is termed superior. The corolla is regular 
and polypetalous. The stameos, inserted upon the 
calyx, are perigynous and polyandrous, the pistil {ovary) 
is infericr, and its carpels appear to be coherent. (See 



Fig. i6.— Venical Hcdoaori flower of Ihe Appk. 

page 151.) The flower of the apple may be described, 
therefore : — Calyx superior, gamosepalous ; corolla repi- 
imr, polypetalous; ^Xaiaens perigynous, pofyandrousj'pi&xi^ 
sytuarpoMS, ovary inferior* 

7, Cow Parsnip or CARRar.— Either of them willdo. 
The cut represents the first-named. The calyx is almost 
entirely adherent to the ovary, the free portion (limb) 
being reduced to a mere rim. It is gamosepalous .and 
superior. The corolla is polypetalous and regular, or, in 
the outer flowers, irregular. Owing to the complete ad- 
hesion of the calyx to the ovary, the stamens appear as 
though inserted upon the top of the latter ; hence they are 
termed epigynous. They are five in number (penlandrous). 
The pistil is syncirpous, as indicated by the two short 

• When the tenn " inferior," or " superior," is applied to a 
flower absolutely, it is understood to refer to the ovuv, denotiuK 
its relation, as to adhesion, with the calyx only. We have aU 
grades intermediate between the inferior and the superior ovary, 
ai we find all degrees of adhesion, from complete adhesion to 
complete freedom. 
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Fic. i;.— Vertical leoioo of a flower of Cow Paisnip. 

The calyx is superior, gamosepalous ; corolla poly- 
petalous, regular or irregular; stamens epigynous, pent- 
androus; pistil syncarpous, ovary inferior. 

8. Daisy.— The structure of the flower-heads is very 

fuizling at first. Let us refer again to the Cow Parsnip. 
n this plant we have a number of floweis borne upon 
short peduncles {pedicels), -which spring from the same 
point, or centre. Suppose all the flowers had been sessile, 
we should then have had them arranged upon the top of 
the stem, much in the same way as tne parts of a single 
flower are arranged upon the floral receptacle. In the 
Daisy we have an example of such a case. Very numerous 
small flowers, c^^A florets, are arranged upon a common 
receptacle, which in the Daisy is conical, and surrounded 
at its base by a whorl of small, narrow, herbaceous 
leaves, forming what is called an involucre, and remind- 
ing us much of a calyx, for which it is apt to be mistaken 
by beginners. 

If a careful section be made lengthwise through the 
centre of the flower-head, the general plan of the whole 
becomes evident, though from the smallness of the florets 
in the Daisy a lens will be needed in order to make out 
their structure properly. The cut shows such a section. 



There is a marked dilTerence in form' between the outer 
and inner florets of the flower-head, due to the one- 
sided enlargement of the corolla in the former. The outet 



florets with one-sided, white corollas, taken together, 
fonn the ray of the flower-head ; the smaller yellow florets, 
with regular corollas, occupying the centre of the.head, 
form the di^k. 

In describing the structure of flower-heads [capilula), 
it is well to examine the ray and disk florets separately. 
Neither of these appears, at first sight, to have a calyx. 
Analogy, however, affords sufficient reason to conclude 
that each floret has its own calyx, but it is wholly 
adherent to the ovarj'. It is superior and gamosepalous. 
In many plants related to the Daisy — the Thistle for ex- 
ample—the upper, free portion {limb) of the calyx exists 
as a crown of fine bristles surrounding the top of the 

The corolla of the ray florets is (white) gamopetalous 
and irregular ; of the disk florets (yellow) gamopetalous 
and regular. The stamens in the ray florets are absent 
or imperfect ; in the disk florets they are five in number 
(pentandrous), and inserted upon the corolla. In con- 
sequence of this adhesion to the corolla they are termed 
epipetaloui. 

An important character which the stamens present is 
yet to be noted, but from the minuteness of those organs 
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it may be well to verify it in some plant with larger 
flower-heads, as the Dandelion (in which all the florets 
are irregular) or the Thistle (in which they are all regular}. 



Fig. 19.— Ddk Buret of Daiiy, ilic conlla and eohaini (synsaiaiaus) 
antherg bid open. 

It will be found that the stamens cohere by their anthers. 
On this account they are termed syngenesious. The 
coherent anthers form a tubular sheath which closely 
surrounds the style. The pistil we may infer to be 
syncarpous from the two-lobed stigma, notwithstanding 
that the inferior ovary is one-celled. 

In the Daisy we have :— calyx superior, gamosepalous; 
corolla gatnopetalous, regular (disk), or irregular (ray) ; 
stamens epipeialons, pentandrous, anthers iyngemjious j 
pistil syncarpous, ovary inferior. 

9. White and Purple Dead nettle.— Either will do. 
The cut represents the former, which has rather larger 
flowers. The calyx is free, but the sepals, five in number, 
as indicated by the five acute teeth, are coberenL The 
corolla is gamopetalous and irregular, the divisions 
being unequal. The stamens, easily found on pulling 
out a corolla from the calyx and cutting it open on the 
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side, are four in number, one stamen being suppressed. 
On this account theflower is said to be unsymmttrual, the 
symmetry, or agreement in the number of parts in each 
series of the flower-leaves, being interrupted. The stamens 
are adherent to the lower part of the corolla, consequently 
epipetalous, and two are long and two short, tbe lower 



Fig. ao.— Verticil «ciion of a flawer of While Desdnciile. 

and outer p^r being longer than the upper and inner ; 
hence they are termed didynamous. The pistil is syncar- 
pous, consisting of two carpels, as indicated by tbe bifid 
stigma, and the ovary is superior and deeply four-lobed, 
so that tbe style springs from the centre and base of 
the lobes of the ovary. Deadnettle has calyx inferior, 
gamostpalous : corolla gamopetalous, irregular ; sta- 
mens epipetalous, didynamous ; pistil syncarpous, ovary 

10. Primrose, Cowslip, or Auricula. — Whichever 
maybe most convenient. The calyx is free, the sepals 
coherent. The corolla regular, the petals coherent. Note ■ 
carefully the position of tbe stamens with respect to the 
lobes of tbe corolla. We have already observed the 
tendency to alternation of parts which usually obtains in 
the arrangement of the floral organs, but here we lind the 
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epipetalous stamens are opposite to the lobes (answering to 
the petals) of the corolla. If the anthers be low down in 
the tube of the corolla, carry a straight line up from one 
of the anthers, and it will be found to coincide with the 
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Fig. 21. — Veriical section of a flower of Primrose, ihe calyx being 

remDved. 



middle of one of the 5 lobes of the corolla. This opposition 
of parts should always be noted when it occurs. In this 
case it is probably due to the suppression of *a whorl of 
5 stamens exterior to the whorl which is developed. 

The pistil, from its centrical position, we may judge by 
analogy to consist of 5 coherent carpels, although the 
superior ovary is one-celled, and the carpels so completely 
consolidated as to leave no trace of lobing, even in the 
stigma. Primrose has calyx ' inferior, gamosepalous ; 
corolla gamopetalous^ regular; stamens epipetalous, pent- 
androus; pistil syncarpous, ovary superior, 

II. Stinging Nettle. — Either of our two native 
species. If the larger one be used it wilP be needful to 
gather two specimens, carefully examining the minute 
flowers in order to ascertain that in one specimen they 
enclose stamens, in the other a pistil, because these organs 
occur in separate flowers (the flowers being imperfect, 
unisexual or diclinous), and in the Greater Nettle on 
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separate plaots {diaciaus). In the Lesser Nettle staminate 
and pistiUate flowers are on the same plant {momtcirtus). 
Examine the slaminate and pistillate flowers separately, 
la the staminate flowers you observe the calyx to consist 
of 4 sepals. As the coroUa is suppressed, the envelope of 




the flower is single {monbchlamydeeus), not double frf/- 
chlamydefius), as in all the Species hitherto examined. 
Opposite to the sepals are the four stamens, inserted upon 
the receptacle (bypogynous). The pistil is represented 
by a minute, central rudiment. In the pistillate flower 
the calyx consists, as in the staminate one, of 4 leaves, 
but they are here unequal, an opposite pair being lai^r. 
There are no stamens, and the pistil consists, apparently, 
of a single carpel with a superior ovary, occupying the 
centre of the flower. 

In the Nettle, then, we have the flowers ■.—unisexual tx 
diclinous, being monxcious or duedous according to the 
species ; the calyx inferior, pofysspalous ; corolla o ; in 
the male flower, stamens hypogynous, telrttndrous, pistil 
o ; in the female flower, pistil apocarpous and superior, 
stamens o. The calyx of monochlamydeous plants is 
usually \&m\tA. 3. perianth, 

13. Willow.— Any species will do ; but, as in the case 
of the Greater Nettle, two specimens from diflTerent trees 
will be required, as the flowers are declinous and dicecious. 
The cuts represent the male and female flowers of the 
Great Sallow. You find the flowers arranged in spikes, 
which, bein^ deciduous and bearing imperfect flowers, are 
<especially distinguished as catkins. Both the staminate 
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and pistillate flowers are destitute of calyjt and corolla. 
Having, therefore, no envelope to the essential organs, 
they are called aehlamydeous. The stamens, i, 3, 5, or 
rarely more, spring from the axil of a minute scale-like 
leaf (bract), and constitute the male flower, of which a 
number are crowded together upon the same catkin. The 
pistil of the female flowers also springs from the axil of a 
similar bract ; it is sync^rpous, consisting of 3 carpels, as 
indicated by the bifid stigma and 2 short rows of ovules 
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in the single cavity of the ovary. The flowers of Great 
Sallow may be described thus: — Calyx o, corolla o; 
male flower, stamens z {diandrous), pistil o ; female 
flower, stamens o, pistil syncnrpaiti. 

13, As the plants which we have hitherto examined 
differ in many important particulars from those which 
yet remain of the fifteen enumerated at the beginning 
of the chapter, it may be well to review here some general 
characters afforded both by the reproductive and nutri- 
tive organs, which are common to all those we have 
already done, and which are more or less markedly in 
contrast vrith the characters presented by corresponding 
oi^ans of the plants yet to be examined. 

In nearly all the examined plants you find the leaves 
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with a distinct blade and petiole ; and if you hold the 
blade of any of them up to the light you may notice that 
the small veins which ramify through it are netted irregu- 
larly. In the flowers you have observed that the parts of 
the calyx (sepals) and of the corolla (petals), whether free, 
coherent, or adherent, are either in fours or Jives^ that 
is, 4 or 5 to a whorl ; and that all of them have their 
ovules enclosed in a pistil, upon the stigma of which the 
pollen is shed. 

Reviewing generally the plants above described, in- 
cluding the Buttercup, you will observe that we have but 
two which grow to the dimensions of a tree — viz. the 
Apple and Willow. Another, the Bramble, is a shrub. 
These three differ from the rest, in the formation of a 
distinctly woody stem, which does not die down each 
season. On this account we may speak of them as woody 
or ligneous plants. The rest are herbaceous plants ; the 
flowering stems usually dying down annually, although 
in some of them the stock — that is, the shortened per- 
sisting portion of the stem from which the roots are given 
off, and in spring the flowering branches — lasts two or 
several years. 

14. Now the characters of (i) leaves more or less 
distinctly narrowed at the base into a petiole ; of (2) 
irregularly net-veined leaves : and (3) the arrangement 
of the parts of the flower in fours or fives (which three 
characters we have found to apply more or less to all the 
specimens which we have examined hitherto), are sup- 
ported by other characters afforded by the seeds and 
mode of growth of the wood, which it is important you 
should correctly understand. 

15. We have already briefly noticed the small seed of 
the Buttercup enclosing a minute embryo. Take, now, a 
few Peas, the seeds of the Pea-plant, or, better still, be- 
cause larger and more easily examined, Beans — the seeds 
of the Windsor or Garden Bean, a plant very closely 
related to the Pea, and agreeing with it in all essential 
particulars. This description and the accompanying cuts 
refer to the Bean. If the beans be dry and hard, let 
them soak over-night, or, to save time, put them in 
boiling water for a few minutes. This will soften them 
and render their examination easy, 

D 2 



Observe, first, the black stripe on the edge of the seed. 
This indicates the part by which the seed was attached to 
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the fruit-carpel {pericarfii in which it was enclo'sed ; it is 
the scar left on its separation from it. It is called the 
hilum. On careful examination you may observe at one 
end of the hilum a very minute aperture through the skin 
of the seed. You may find it by squeezing the soaked 
seed, when moisture issues from it. This is the micro- 
pyU; it answers to the micropyle of the ovule. It is 
usually obliterated or too minute to be observed in ripe 

Proceed, now, to remove the skin of the seed (.testa). 
You find it contains two large thickened lobes or leaves, 
each flattened on the inner side, rounded on the outer, 
and you also notice that these lobes are hinged at one 
side. Separate the lobes carefully, and you may observe 
upon the margin of the inner face of one of the lobes, 
close by the hinge, a rudimentary bud and root You 
find, then, enclosed by the testa, (i) one pair of large 
seed-leaves, (2) a bud with minute, rudimentary foliage- 
leaves, and (3) the rudiment of a root. Nothing more. 
These parts are indicated in the cut (Fig. 28), which shows 
one seed-leaf seen on its inner face. The seed-leaves are 
called cotyUdons. To the left is the bud of the stern, 
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slightly curved inwards, called the plumule; and, point- 
ing downwards, the rudiment of the root, called the 
radicle; the extremity of the radicle invariably nestles 
immediately within the micropyle. The seed-leaves, or 




Fig. 28. — One cotyledon of the Bean, showing the plumule and 

radicle. 

cotyledons, of the Bean are opposite ; so we have an 
embryo with a pair of cotyledons, or a dicotyledonous 
embryo. 

16. If we put a few beans upon moist earth in a flower- 
pot and cover them with a bell-glass, the first stage of 
growth, termed germination^ of the young Bean-plant 
may be conveniently observed. The essentials to germi- 
nation are found by experience to be a certain amount of 
moisture, warmth, and air. If sufficiently warm (and the 
amount of warmth required to commence with varies in 
the seeds of different plants), moisture is absorbed by the 
seed, which causes it to swell up so as to burst the seed- 
skin. Oxygen, also, is absorbed from the air, and certain 
chemical changes, accompanied with the liberation of 
some carbonic acid, take place in the cells of the embryo, 
resulting in the solid substances which they contain being 
made available for the use of the growing plant. The 
radicle is always the first to break out, curving down 
towards the earth, whatever may be its position. The 
radicle by its direct prolongation forms the primary root 
of the plant. The plumule shortly after disengages itself, 
ascends and develops into the stem of the Bean, bearing 
foliage ani flower-leaves. 
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17. Turning back to our first chapter (page 8), we 
may compare the structure of the seed of the Buttercup 
with that of the Bean. At first sight they appear to have 
nothing in common, excepting that each seed encloses an 
embryo. In the Bean, however, the embryo fills the 
seed-skin, while in the Buttercup it occupies a very small 
space at the base of the seed, being enclosed in a uniform, 
solid substance, which occupies nearly the whole seed, 
'''his substance in which the embryo is embedded we 
called the albumen (Fig. 7), whatever may be its texture 
or chemical composition. It is at the expense of this 
albumen that the minute embryo of Buttercup is enabled, 
during its germination, to develop a root and stem. It 
originates, like the embryo itself, by fi*ee-cell formation 
in the embryo-sac (p. 20) and may, or may not, be ab- 
sorbed in the process of maturation of the embryo. If 
any remain after the seed is ripe, whether much or little 
in proportion to the size of the embryo*, the seed is 
albuminous. If it be all absorbed before the seed is ripe, 
so that the seed-coat contains embryo only, the seed is 
exalbuminous. In exalbuminous seeds, therefore, what- 
ever nutrient matter may be required to sustain the early 
stages of germination, is incorporated in the embryo 
itself. Between the two extremes of abundant albumen 
in the ripe seed (Buttercup) and no albumen at all (Bean), 
we have every degree. 

18. The embryo of Buttercup requires a magnifying- 
glass for its examination. All that you will be able to 
make out of it is, that it is slightly notched on its inner 
side, that is toward the body of the albumen on the side 
turned from the micropyle. The notch obscurely divides 
this side of the embryo into two lobes, which are the 
rudimentary cotyledons. The opposite extremity is the 
radicle, directed towards the micropyle. The plumule 
does not develop until after germination, which process, 
in the Buttercup, agrees generally with that of the Bean ; 
the albumen serving the purpose of a warehouse of 
nourishment in the Buttercup, and the fleshy cotyledons 
the same purpose in the Bean. 

Like the Bean, therefore, the Buttercup is dicotyle- 
donous ; and as the character expressed by this term (the 
possession of a pair of cotyledons, or, more strictly, the 
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simple fact that the first leaves of the plant are opposite) 
is cotnmon to plants with irregularly net-veined leaves, 
and with the parts of their flowers in fours or fives with 
but a comparatively small number of exceptions, botanists 
employ the term dicotyledons as the name of a great 
Class of flowering plants, including all those which 
present the above characters. 

19. It must always be borne in mind, however, that 
none of these characters are absolute. They are always 
subject to exception. So that plants which exhibit a 
departure from the prevalent type of Dicotyledons in any 
single character only are still referred to the same class. 
Thus we have a few Dicotyledons which are actually 
destitute of cotyledons, or which have but one, or more 
than two ; we have some with parallel-veined leaves, and 
others with the parts of the flower in threes. But in all 
these cases the question as to which Class the plant shall 
be referred, is decided, not by any solitary character, but 
by the sum or preponderance of characters which it 
presents. 

The structure of the stem, and mode of growth of the 
wood, we shall speak of in a later chapter. 
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CHAPTER V. 

EXAMINATION OF COMMON PLANTS CONTINUED AS BEFORE. 

1. Arum. 

2. Spotted Orchis. 

3. Daffodil. 

4. Tulip. 

5. Wheat. 

6. Points of agreement in the four plants just examined. ■ The 

structure and venation of their leaves, and the number of 
parts in the flowers. 

7. A grain of Wheat is examined. Parts of the seed. 

8. Structure of the embryo of Wheat. There is but one coty- 

ledon. It is therefore monocotyledonous. Its mode of 
germination. 

9. General characters of Monocotyledons. 

10. Scotch Fir. 

11. Tabular review of Angiosperms and Gymnosperms. 

12. These great Classes are divided into subordinate groups. 

13. The principal divisions of Dicotyledons, and the characters 

upon which they depend j 

14. And of Monocotyledons. 

15. The Classes, Subclasses, and Divisions are tabulated. 

I. /^OMMON Arum or Cuckoo Pint. Without much 
\^ care you will be liable to misunderstand the 
structure of this plant, as did Linnaeus himself. The 
flowers are closely packed in rings upon the lower part 
of the fleshy spike, which you find enclosed in a large 
sheathing bract-leaf called a spathe, A flower-spike of 
this kind, enclosed in a spathe, is distinguished as a 
spadix. With a magnifying-glass compare the structure 
of the minute flowers of the lower ring {p) with those of 
the upper ring (j/.). Be careful to note, however, that 
between the rings is a broken circle of abortive pistillate 
flowers, and immediately above the upper ring a number 
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of filaments, which represent abortive staminate flowers. 
The flowers of the lower ring Ui) consist each of a 
pistil only, and each pistil consists, apparently, of a 
single carpet. 

The upper ring (si.) consists of a number of stamens 
very densely packed, each stamen representing a single 
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flower. Each stamen, moreovef, is reduced to its anther, 
the cells of which open by a little pore at their tips. Thus 
the structure of the flowers of Arum is of the very simplest 
kind :— calyx o; corolla o; $, stamen i, pistil o; J, 
stamen o, pistil of a single carpel. 

2. Spotted Orchis. — The calyx is coloured like the 
corolla, and consists of three sepals, which are coherent, 
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the coherent portion ^tube) being wholly aduate .to the 
ovary, so that the free part of the calyx (the 3-lobed limb) 
springs from the top of the ovary. Do not mistake the 
ovary for a flower-stalk (pedicel). If you cut the apparent 
pedicel across, you will nnd that it contains many ovules 
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in three rows ; it is an inferior ovary, being adnate to the 
calyx-tube. The corolla is formed of three unequal 
petals, one, which, from a partial twist of the ovary, is 
the lowest, being much larger than the upper pair and 
furnished with a spur. 

It is usual in flowers like this, in which the parts of 
the calyx and corolla resemble each other in colour and 
texture, as well as when a calyx only, or a corolla only, is 
jiresent, to speak of the envelopes of the flower collec- 
tively as /anuK/A, calling the parts of which it is made 
up the leaves of the perianth. In this instance the peri- 
anth is gamopkyUous and superior, since the leaves of the 
perianth are connate and its tube is adnate to the ovary. 

There is but one stamen, of very anomalous structure, 
reduced to a two-celled anther, standing immediately over 
the opening of the spur. Under the minute knob-like 
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projection at the base of the anther (rostellum), and at 
the back of the opening of the spur, is a viscid surface 
which serves as the stigma. From the adhesion of the 
stamen to' the pistil it is termed gynandrous. The flower 
of Spotted Orchis may be thus described : — Perianth 
superior, gamophyllous, irregular; stamen i (monan- 
drous), gynandrous; pistil ^ncarpous, ovary inferior. 

3. Daffodil.— Do not mistake the wide, projecting 
tube which encloses the stamens and pistil for a corolla. 
A comparison of the Daffodil with other plants in which 




Fig. 33.— Venical 
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it is less conspicuous or wanting, shows that it is merely 
an appendage (called a corona) of the envelopes of the 
flower. The leaves of the perianth, six in number, are 
alike in colour texture, and size. It is therefore regular ; 
and, as in Orchis, they cohere, forming a lower tubular 
portion which is adherent to the ovary ; the perianth is 
also superior. There are six stamens, insetted upon the 
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perianth iepipkyllous). The pistil, from its three-Iobed 
stigma and the three cells in its inferior ovary, is clearly 
syncarpous. Daffodil has, therefore ;— Perianth superior, 
gamophyllous (with a corona) ; stamens epipkyllous, 
hexandrous; pistil syncarpous, ovary inferior. 

4, Tulip. — Ver^ similar in many respects to the Daffo- 
dil, differing principally in the absence of both cohesion 
and adhesion in the perianth, and in the absence of a 



corona. The stamens are free, and the pistil has a 3-iobed 
stigma and 3-celled ovary. Tulip may be described thus : 
Perianth inferior, pofyphyllousj stamens hyPogynous, 
hexatiarous ; pistil syncarpous, lyisxy superior. 

S- Wheat. — We have here an arrangement of parts 
widely different from that obtaining in any of the plants 
hitherto examined. The ftowers are arranged in short, 
broad spikelets, which spikeleis are disposed alternately 
in two rows along the top of the stem, forming a dense, 
obtusely four-cornered j;^t*,f. Break the entire spike in 
two about the middle, and take one of the lowest spike- 
lets from the upper half. Observe that it is attached to 
the stem (axis of the spike, called the rachis) by its side. 
In some grasses, as Rye-grass, the spikelets are attached 
by their edge to the rachis. Each spikelet consists of a 
pair of nearly opposite, bard, dry, scaly leaves, called the 
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outer glumes, which enclose 3 to 5 closely imbricated 
flowers, arranged alternately on opposite sides of the axis 
of the spikelet. Each flower is enclosed hetween a 
flowering-glume and a pale. The flowering-glume and 
pale are opposite to each other, and inserted very nearly 
at the same point ; the flowering-glume, however, is the 
lower, and usually embraces the pale with its incurved 
edges. It is similar in form and texture to the outer 
glumes, and often terminates in a bristle {awn). The pale 
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is generally easily distinguished by its having two lateral 
nerves ana no midrib ; indicating, apparently, that it may 
be ccanposed of two organs cohering together. Between 
the flowering-glume and the pale are the 3 free stamens 
and the superior ovary crowned with 2 plume-like 
stigmas. Note also 2 very minute scales, called Icifi- 
cules, representing a perianth, inserted under the ovary. 
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Between the outer glumes and the lowest flowering-glume 
of the spikelet in some grasses, and, in others, above the 
uppermost perfect flower of the spikelet, there are one or 
more empty glumes^ which are called, by some botanists, 
sterile flowers. Occasionally a staminate flower is borne 
in the axil of the glume next below or above the perfect 
flower. Wheat may be thus described : — Spikelets with 
two outer glumes ; flowers with on^^ flowering-glume ^ one 
pahy two lodicules; stamens triandrouSy hypogynousj, 
pistil syncarpousy ovary superior, 

6. Let us now proceed to review, as before, the five 
plants last examined, viz. Arum, Orchis, Daffodil, Tulip, 
and Wheat. 

They all happen to be herbaceous plants. The leaves, 
excepting in Arum, do not present the obvious distinction 

of petiole and blade, and, with the 
same exception, the veins of the leaves 
are parallel and not irregularly netted. 
Those which have the essential organs 
of the flower enclosed in a perianth 
have the leaves which compose it 
arranged in two whorls (calyx and 
corolla) of three each. . We find the 
five plants marked by (i) no obvious 
distinction between blade and petiole ; 
(2) parallel-veined leaves ; and (3) the 
parts of the flowers in threes ; and, 
as in Dicotyledons, all of them have 
their ovules enclosed in a pistil upon 
the stigma of which the pollen is shed. 

7. We must now soak a few grains of Wheat for com- 
parison with the seeds of Dicotyledons. We must, how- 
ever, be careful not to regard the grain of Wheat as a 
seed corresponding to that of the Pea or Bean, for it is a 
fruit, consisting of pericarp (ovary) and seed ; the pericarp 
being closely adherent to the true seed. In the Tulip, 
Daffodil, and other plants just examined, the seeds are 
free from the pericarp, as is usual in flowering plants ; the 
adhesion, in this case, may be regarded as accidental, 
though it is very characteristic of the fruit of grasses. 
Cutting the grain open, we find the embryo near the 
base, occupying about one-fourth or one-fifth of its 




Fig. 36.— -Longitudi- 
nal section of a 
grain of Wheat. 
The embryo is re- 
presented at the 
base of the seed. 
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Fig. 37. — Longitudinal sections 
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contents, the rest of the seed being filled with a starchy 
albumen. 

8. The structure of this embryo we must endeavour to 
understand, though, in order to make it clearly out, very 
careful sections must be made through it lengthwise. 
The accompanying cut will supply a good idea of the 
arrangement of its parts. We 
do not find the first leaves of 
the embryo opposite to each 
other, forming a fiair of coty- 
ledons, as in the Bean and 
other Dicotyledons, but they 
originate alternately y the outer- 
most or lowest only being 
spoken of as a seed-leaf or 
cotyledon. Those which it 
sheaths belong to the plumule. 
The cotyledon being single, the 
embryo of Wheat is called 
monocotyledon ous. The lower 
part of the embryo is the radicle. 

This never directly elongates in germination, but the 
internal, rudimentary root-buds, r r, burst through it and 
develop into the root-fibres of the plant. The process of 
germination is similar to that of Dicotyledons, with this 
difference in regard to the origin of the root. The sheath- 
ing portion of the cotyledon is protruded from the seed, 
and embraces the base of the plumule, which ultimately 
develops into a stem. 

Now a structure similar to that of Wheat we find in 
the seeds of other corn-plants. In Barley and Oats the 
grain (fruit) presents a different appearance, owing to 
the circumstance that in these plants the fruit becomes 
adherent, after flowering, to the enclosing glume which 
closely invests it, forming a sort of spurious pericarp 
which is removed by grinding. The seeds of all of these, 
however, are albuminous, corresponding, in this respect, 
to the seed of the Buttercup. 

9, There are plants presenting so many characters in 

common with the five last examined as to be universally 

. classed with them, although they may differ from them in 

the absence of albumen in the seed, and in other points. 
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just as the Bean differs from the Buttercup amongst 
Dicotyledons. But whether albuminous or exalbuminous, 
they are all Monocotyledons, with rare exceptions; 
so that this term comes to be applied to a second great 
Class, just as Dicotyledons is applied to the members of 
the Class of which we previously examined representative 
types. The five plants which we have just examined all 
have monocotyledon ous embryos, excepting Orchis, which 
is exceptional, in being destitute of a cotyledon ; they all 
have parallel-veined leaves, excepting Arum; and those 
with a perianth have its parts in threes. Now these 
characters, supported by others derived from the internal 
structure of tne stem, are, as a rule, common to all 
Monocotyledons, and in contrast to those characters 
which we have shown to prevail amongst and to mark 
Dicotyledons. 

la Scotch Fir.— The flowers are destitute of a 
perianth, unisexual, and moncecious. Both staminate 
and ovuliferous flowers are spicate. Each staminate 
flower consists of a number of^ subsessile anthers, each 




2-celled, with a broad upturned membranous 
(Fig. 38), arranged in small cylindrical shortly stipitate 
spikes, sheathed at the base by a few scaly bracts. 
These spiciforrn staminate flowers are in their turn 
collected in terminal spikes — terminal, that is, until the 
leafy axis of the branch bearing them is prolonged 
through their midst. 
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Each ovuliferous flower consists of a number of very 
small rounded fleshy scales collected in a dense ellip- 
soidal shortly-peduncled recurved spike, either solitary, or 
two or three together at the ends of the branches. Each 
of these fleshy scales is subtended hy a minute bract, so 
small in Scotch Fir as to be concealed between the 
closely imbricating scales which they subtend. Upon the 
upper face of each scale rig^ht and left at the base, is a 
pair of inverted ovules, their minutely bidentate mouths 
reaching quite to the base of the scale (Fig. 39. ) After 
the staminate flowers have shed their pollen they fall 
away, leaving a naked space on the stem, immediately 
below the. newly unfolding leafy axis. 

The short ovuliferous flower after fertilisation ultimately 
enlarges into the cone or " Fir-apple," — the ovule-bearing 
scales becoming, hard and woody, bearing a pair of 
winged seeds upon their inner face. The seeds are 
albimiinous, and the embryo is provided with from four 
to seven narrow cotyledons. 

Reviewing the floral structure of the Scotch Fir, it will 
suffice here to note the absence of a perianth in the 
diclinous flowers, and the absence of any closed carpel 
arouild the ovules upon the stigma of which the poller*- 
grainy may fall and develop their tubes. 

A more detailed account of the peculiarities of Scotch 
Fir and its allies is given at p. 244. 

1 1. All flowering plants are either 

Angiospbrms — ^\^th their ovules enclosed in the ovary of a pbtil, and 
fertilised by pollen-tubes through the medluin of a stigma ; 

Dicotyledons, or Monocotyledons, 

With a cotyledons, the radicle 
itself usually elongating . . 

Net'Veined 

Parts in 4's or 5's .... 

In a continuous ring . . . 

Or Gymnosprrms — ^With thdr ovules open, and fertilised by direct contact 
of the pollen. 



Embryo . 

Leaves' . 
Perianth. 
Wood . . 



With X cotyledon^ the radicle 
usually remaining undeveloped. 

Straight-veined. 

Parts in 3*s. 

In isolated bundles. 



12. Upon characters afforded by the flower, of subor- 
dinate importance (because less constant) to those which 
distinguish Dicotyledons from Monocotyledons, botanists 
O.B. E 
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divide each Class into Sub-classes and Divisions. The 
kind of characters upon which these Sub-classes and 
Divisions rest we are already familiar with, having 
examined representatives of each. The Divisions are 
farther divided into numerous Orders. These are treated 
of in subsequent lessons. The Sub-classes and Divisions 
may be synoptically arranged thus : — 

13. Dicotyledons are, in respect of envelopes of the 
flower — 

Dichlamydeous {Dichlamydece), as Pea, Bramble, Apple, 

Parsnip, Marigold, Deadnettle, Primrose, — or 
Incomplete (Incompletd), If incomplete, either 
Monochlamydeous {MonochlaniydecB\2i% Stinging-nettle, — 

or 
Achlamydeous (Achlamyded)^ as Wiilow. 
Dichlamydeous flowers are either 
Polypetalous (PolypetalcB\ as Wallflower, Pea, Bramble, 

Apple, Parsnip, — or 
Gamopetalous {GamopetalcB\ as Marigold, Deadnettle, 

Primrose. 
Polypetalous flowers have their stamens inserted on the 
•receptacle (hypogynous), and are hence called — - 
Thalamifloral {ThalamiflorcB), as Buttercup and ^\^all- 

flower, — or, inserted upon the calyx (perigynous or 

epigynous), and are hence called — 
Calycifloral {CalyciflorcB\ as Pea, Bramble, Apple, and 

Parsnip. 

14. Monocotyledons have their flowers, often im- 
perfect, and with or without a minute, scaly perianth, 
arranged upon a spadix, hence called — 
Spadicifloral (Spadici/lora), as Arum, — 

or with a perianth of petal-like leaves, hence called-^ 
Petaloid {Petaloided)^ as Orchis, Daffodil, Tulip, — or with 

chaffy glumes or scale-like bracts enclosing the flowers, 

hence called — 
Glumaceous {Glumiferce)^ as Wheat. 

Petaloid Monocotyledons have their perianth— 
Hypogynous {Hypogynci)^ as Tulip, — or 
Epigynous (Epi^ynce), as Orchis and Daffodil. 
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15. The Classes, Sub-Classes, and Divisions may be 
tabulated thus : — ^ 



Flowering 

Plants 
{Phanero-\ 
gamia). 



('Angiospekms. 
Dicotyledons 



(Kchl^nydexi ^^'^^^^^ {ShJSS^- 
V Gamopetabe. 

Incompleta X Monochlamydeae. 

\ Achlamydeae. 

( Spadiciflorae. 

Monocotyledons I Petaloideaj /Uxpogynae. 

I \Eptgynae. 

^ Gymnosperms. 
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CHAPTER VI. 

HOW TO FILL UP THE SCHEDULES. 

1. The use of the " Flower-Schedule " in directmg attention to 

important points in the structure of flowers, and training 
to habits of useful and accurate observation. 

2. Explanation of the Schedule and of the mode of filling it up. 

The number of parts in each series of Flower-leaves is to 
be entered. 

3. Also, the condition as to cohesion of the parts ; 

4. And the condition as to adhesion of the parts. 

5. Terms used to express the various conditions. 

6. Example of a Schedule, filled up from Buttercup. 

I. \/0U may now begin to examine and describe any 
X flowers which may be within reach. And, in order 
that your work may be of value, I give at page 54 a form 
or schedule employed (under a very slightly different 
form) by the late Professor Henslow, both in his uni- 
versity and village-school teaching, the purpose of which 
is to compel attention to those points which are of the 
first importance (because most constant) in the structure 
of flowers. A supply of these schedules should be kept 
on hand for daily use. 

Most of the terms made use of in filling up the 
schedules, you have already acquired. It may be well, 
however, to look over the followmg list, which embraces 
all that need be used at present in describing the flower 
in the columns of the schedule, and if any have been 
forgotten, to turn back to them, by referring to the 
index. 
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2. The column headed No. (number) is to be filled 
with the real number of parts, whether free or coherent, 
in each of the four series of organs (calyx, corolla, 
stamens, and pistil) which compose the flower. Thus, in 
Buttercup, there are five free sepals, and in Deadnettle 
and Primrose five coherent sepals. This number must 
therefore be entered opposite to sepals ^ under the, No. 
column, and so on. These numbers, or a o opposite to 
an organ, necessarily indicate Suppression, when such 
occurs. Thus, in Deadnettle, with five sepals and five 
petals, there are but four stamens, one being suppressed, 
as we infer from the general coristancy with which the 
parts, in each series of the fiower in plants generally, 
correspond in number, or are multiples. We often find, 
however, more direct evidence in the presence of a rudi- 
ment of the suppressed organ. 

. 3. The column headed C(^esion is to be filled up with 
those terms which express or involve cohesion of parts, 
or the absence of cohesion. Thus, were Buttercup oeing 
described, polysepalous would be entered in this column, 
opposite to calyx, the calyx being polysepalous from the 
absence of cohesion between the sepals. Deadnettle and 
Primrose, on the other hand, would be described in the 
same place as gamosepalousy the eamosepalous condition 
arising from cohesion of the sepals. 

4. The last column, headed Adhesion, is for terms 
which, in like manner, express or involve adhesion, or 
apparent adhesion, of parts, or the absence of adhesion. 
Thus, in the case of the three plants just referred to, 
inferior would be entered in this column opposite to 
calyx, the calyx being inferior because there is no adhe- 
sion between it anof the ovary. Were Parsnip being 
described, the term superior would be entered in the 
same place, as in this plant the limb of the calyx becomes 
superior from the assumed adhesion of its tube to the 
ovary. 

5. The terms employed in filling up schedules are : — 

Of the CALYX (cohesion or its absence), polysepalous^ 
gamosepalous ; (adhesion or its absence) inferior^ 
superior^ 
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Of the COROLLA (cohesion or absence of same), poly- 
petalous, gamopetalous {regular^ irregular). 

Of the STAMENS (cohesion or its absence). As it is 
important to note the number of stamens, and not simply 
to write polyandrous when the stamens are free, what- 
ever their number may be (as you write polysepalous 
and polypetalous of calyx or corolla when their parts 
are separate), write, before the termination -androt4s^ 
the Greek numeral prefix denoting the number of free 
stamens, thus : — 

If I. 2. 3. 4. 5. 6. 7. 

7non- di' tri- tetr- pent- Jiex- hept-androus 
8. 9. 10. more than 10. 

Oct- enne^ dec- poly-androus. 

If the stamens cohere by their filaments^ they are 
mon- di- or poly-adeiphousj if by their anthers^ they are 
syngenesious. 

(Adhesion or its absence) hypogynous, perigynouSy epi- 
gynous, epipetcdous, gynandrous. 

Of the PISTIL (cohesion or its absence) apocarpous y 
syncarpousj (adhesion or its absence) superior^ inferior. 
To denote the number of stigmas belonging to the Pistil, 
whether the carpels be free or coherent (if the latter, the 
number of carpels being inferred from the divisions of the 
style or stigma), the same Greek numerals as are employed 
to indicate the number of stamens are prefixed to the 
termination -gynous. Thus monogynous signifies with one 
style or stigma, polygynous with many styles, or stigmas, 
or distinct carpels. I have omitted these terms in the 
schedules of the Type-species in Part II. of this book, 
simply noting whether the pistil be apocarpous or syn- 
carpous. The number of carpels is given in the No. 
. column. 

Of the PERIANTH (cohesion or its absence) polyphyll- 
ouSy gamophyllous (regulary irregular) \ (adhesion or its 
absence) inferiory superior, 

6. The schedule here given, by way of example, is 
filled up from the Buttercup, with the characters of which 
you ought to be sufficiently familiar by this time : — 
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Organ. 


No. 
5 
5 

00 
00 

t 


Cohesion. 


Adhesion. 


Calyx. 

sepals, 

1 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


Polypetalous, 
(regular). 


Inferior. 


Stamens. 
Jilaments. 
anthers. 


Polyandrous. 


Hypogynous. 


Pistil. 

carpels. 

ovary. 


Apocarpous. 


Superior. 


Perianth. ; 
leaves. 


t 


t 


Cla^s, 


Division. 


Name. 


Dicotyledon. 


Thalamlflorae. 


Buttercup. 



N. B. The sign oo denotes many. No entry is made opposite 
to perianth (+), because, being double, it is described as calyx 
and corolla in the case of Buttercup and other dichlamydeous 
Dicotyledons. 
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CHAPTER VII. 

THE VARIOUS ORGANS AND THEIR MODIFICATIONS. 

1. Further examination of Plant-structure. The importance 

of frequent practice in order to acquire facility in the use 
of terms. 

2. (Organs of Nutrition). The Root originates from ? Tap- 

root fibrous root Adventitious roots. Roots some- 
times become thickened and tuberous. 

3. The Stem originates from? Axillary and terminal buds. 

Direction assumed by stems. Rhizome ; tubers ; bulbs. 
The Stock. Remarkable modifications of stem- 
structures. 

4. Leaves always lateral organs. Their arrangement upon the 

stem. Nodes and intemodes. 

5. Cotyledonary leaves are temporary. Scale-leaves. Duration 

of leaves. 

6. Petiole and blade. Vernation. Venation. 

7. Outline of leaves. Simple and compound leaves. 

8. Simple undivided leaves. 

9. Simple divided leaves. 

10. Compound leaves. 

1 1. Apex and base. Mode of attachment to the stem. Margin. 

Surface; 

12. Stipules. Stipulate and ex-stipulate. 

13. Remarkable modifications of leaves. Phyllodes. 

14. (Organs of Reproduction). Arrangement of flowers upon 

the stem. The principsU kinds of inflorescence. 

15. The Bracts ; bracteate, ebracteate. Involucre. 

16. ^Estivation of the calyx and corolla. 

17. Parts of a petal. Of a gamopetalous corolla, and of a 

gamosepalous calyx. 

18. Appendicular organs. 

19. The Stamens : peculiar conditions of which are noticed 

under the Natural Orders in Part II. 

20. Homology of the Pistil. 

21. Carpellary theory. A review of various forms of pistil. 

The sutures of a carpel. The ovary and its cells. 
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22. Placentation. 

23. Gvules. 

24. Fruit and seed. Pericarp. 

25. Suppression of cells of the ovary during maturation of the 

fruit. Changes in different layers of the pericarp. Fruit 
of Cherry, Apple, Orange, Gooseberry. Dry syncarpous 
fruits ; capsule, nut Dehiscent and indehisenct fruits. 
Achenes of Buttercup and Strawberry. Blackberry. 
Mulberry. Fig compared with fniit of Rose. Enume- 
ration of principal kinds of fruit. 

26. Number of seeds in the fruit. Albuminous and ex- 

albuminous seeds. 

I. \X 7E now proceed to examine some of the different 

V V forms assumed by the Vegetative, or, as we pre- 
viously termed them^ the Nutritive, organs of plants — 
viz., the Root) Stem, and Leaves. Also, so far as pre- 
vious chapters leave it needful, the general character of 
the Reproductive organs, and especially the structure of 
the fruit. 

In order to avoid ambiguity we shall find it necessary 
to employ not only the substantive terms used by botanists 
to denotethe several organs themselves, but also the more 
important of the adjective terms employed to denote 
special modifications of the same. The necessary terms 
are very simple, and easily learned, and, with moderate 
perseverance, facility in applying them may soon be 
acquired. 

By carefully examining one plant every day, first filling 
up a schedule from the flower, and then writing out a 
description of all the organs in detail, with these lessons, 
or Dr. Lindley's pamphlet, " Descriptive Botanjr," * before 
you, very considerable progress will be made m practical 
botany in the course of a single season. 

In this and the following chapter, devoted to the struc- 
ture of the various organs, whenever it has appeared 
desirable for the sake of illustration, I have named a 
common plant, which may be referred to ; but it must 
always be borne in mind that the organs of plants — root, 
stem, leaf, and flower — are very prone to accidental varia- 
tion, especially in minor particulars, so that occasionally 

* Bradbury and Evans, is. 
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I may be found apparently contradicting Nature. In 
such cases do not rest satisfied with reference to a single 
specimen : compare together a number of specimens 
whenever it can be done, and you will then find, I 
believe, the illustration confirmed. In explaining the 
terms used to denote the mere outline and form of 
organs, I have not generally referred to any species in 
illustration. I leave them to the learner to find out for 
himself. 

2. The Root. — In the germinating Bean we find that 
the root is developed by the direct downward elongation 
of the radicle of the embryo. A root thus originating, 
when it persists, forms what is termed a tap-root We 
have good examples of this primary root-axis in a large 
number of Dicotyledons, both trees and herbaceous plants, 
though in many, by arrest or by repeated branching, it 
loses, more or less, its character as a proper tap-root. 
In the Carrot and Beet, the tap-root thickening very 
much becomes fusiform in shape, and usually remains 
undivided, giving off delicate fibrils, which play an 
important part in the work of absorption. In many 
Monocotyledons, owing to the origin of the root from 
root-buds which burst through the undeveloped or early 
arrested radicle of the embryo, we never have a tap-root. 
In these plants the root generally consists of numerous 
independent fibres, branched or unbranched. It may be 
described simply as fibrous. Pull up any grass, and you 
will find such a root. 

In our first lesson we referred to a kind of Buttercup 
which forms creeping stems, giving off root-fibres at the 
nodes. This is a very frequent condition, and many her- 
baceous plants, both Dicotyledons and Monocotyledons, 
are principally multiplied, and the area which they occupy 
extended, by such creeping, root-producing stems. Roots 
originating in this way, and not by direct prolongation of 
the radicle of the embryo, are distinguished as adventi- 
tious. When adventitious roots are given off by climbing 
or erect stems, as in the Ivy and very many trees growing 
in hot, moist climates, they are termed aerial. 

Keeping the distinction between true and adventitious 
roots in view, it will be clear, from what we have said of 
the origin of the root-fibres in certain Monocotyledons, 
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that they are always adventitious. Whether true or 
adventitious^ however, the function of the root is the 
same. . 

The root frequently becomes much thickened in peren- 
nial and biennial herbaceous plants, serving as a reservoir 
of nourishment for the growth of the sprouts of the fol- 
lowing season. When the branches or fibres of a root 
become thickened in this way, as for example in the 
Gai-den Dahlia, the root is said to be tuberous. Such 
tuberous roots much resemble certain forms of under- 
ground and similarly thickened stem, but differ from 
them in the absence of leaf-buds; Potatoes and Onions 
are called roots, but we shall presently show that this is 
a misnomer. 

3. The Stem always originates in a budj the primary 
stem of the plant from the bud of the embryo — the plumule. 
Branches in like manner originate in similar buds formed 
in the axils of leaves. Hence buds borne in the axils of 
leaves may be termed axillary j those which terminate 
a stem or branch, and which, after a winter's rest in our 
climate, renew the shoot, terminaL Some trees, as Palms, 
never or rarely develop any other than a terminal leafy 
bud, excepting when they form a flowering branch. The 
consequence is, that their stems remain unbranched. 

We have already referred to the distinction between 
woody and herbaceous stems. Besides erect or ascending 
annual flowering-stems, many herbaceous plants possess 
a stem which either creeps upon the surface of the ground, 
as in the Creeping Buttercup or the Strawberry, or which 
spreads wholly under the surface, giving off leafy and 
flowering shoots above and roots below, as Lily-of-the- 
valley, Wood Anemone, Sheep-sorrel, Sea Maram, and 
Couch Grass. The underground form of creeping stem 
is called a rhizome. Beginners are very liable to regard 
it as a root, and such is the common notion respecting 
it. The presence of leaves in the very reduced form of 
minute scales, and the capacity of developing buds at 
regular intervals, indicate its true stem character. In 
many plants, underground stem-branches become greatly 
thickened, like tuberous roots, and serve the same end in 
the economy of the plant. We have a good example in 
the Potato. The " eyes '* of the Potato are leaf-buds, and 
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shoots develop from them when planted or placed in damp 
cellars. Such thickened portions of underground Stem 
are called tubers. Somewhat similar is the very short 
and abruptly-thickened base of the erect stem of some 
herbaceous plants, as Crocus and Arum, distinguished 
under the name of corm. In the Onion and Hyacinth 
we have an analogous condition, disguised by very numer- 
ous, much-thickened, scale-like leaves. If we peel off 
these scales successively, until they be all removed, we 
find a flattened, or conical, solid base remains, from the 
under side of which root-fibres are given off. This por- 
tion is the excessively shortened st^n, from which the 
tall flowering peduncles arise. Stems of this kind, with 
the intemodes suppressed and covered by thickened, 
scaly leaves, are called bulbs. Bulbs may be regarded 
as equally leaf and stem formations. 

Perennial herbs, the flowering and leafy stems of which 
die down annually, often form a tufted mass, called a 
stock, either wholly or partially hidden under the surface 
of the ground. The stock results from the persisting 
bases of the leafy stems. From the axils of the scale- 
like- leaves which these persisting stem-bases bear, the 
annual shoots are thrown up each spring. The passage 
from plants with this form of perennial stock to those in 
which more of the exposed portion of the stem is peren- 
nial, as in bushes, snrubs, and trees, is quite gradual; 
Compare, in this respect. Monkshood, Cranesbill, Butter- 
cup, Carnation, Fuchsia, Bramble, and Lavender. 

The forms of stem and the direction which they assume 
above ground are exceedingly varied. Most of the modi- 
fications which they present are denoted by tefms m 
ordinary use. Thus the stem may be efect, procum- 
bent, or prostrate ; cylindrical, angular, triangular, quad- 
rangular, furrowed, and so on. 

Branches sometimes assume very anomalous forms, and 
might be mistaken for distinct structures, as in the spines 
of the Hawthorn, and the tendrils of the Grape-vine and 
Virginian Creeper. All spines and tendrils, however, are 
not arrested or specially modified branches ; they are 
often leaves or leaf-appendages, as is the case with the 
spines of the Barberry and the tendrils of the Pea. 
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The internal structure of the stem may be more suitably 
described when we speak of ceUs and tissues, 

4. Leaves. — We have already spoken of leaves as 
originating successively, either singly or in pairs or in 
whorls, around the growing apex of the stem, as minute 
cellular projections. They are never terminal organs ; 
neither are they, normally, capable of forming buds upon 
their surface. When a single leaf is given off at each node, 
the leaves are said to be alternate; if a pair of opposite 
leaves, they are described as opposite j if three or more in 
a whorl, as verticiltate. The arrangement of the foliage- 
leaves upon the stem, though at first sight it may appear 
accidental, is according to a generally constant law in 
the same kind of plant. Compare, with respect to leaf 
arrangement, a young shoot of Oak or Apple with one 
of the Strawberry-tree {Arbutus) or Monkshood. Try 
to find two leaves exactly or nearly in the same straight 
fine, one above the other. In the Oak or the Apple 
the upper leaf will usually be removed from the louver 
by five internodes; in the Strawberry-tree or Aconite, 
by eight. 

The general habit of the plant, as well as the arrange- 
ment of the leaves, is necessarily affected by the extent to 
which the intemodes of the stem develop. In Buttercup 
we find the lower leaves springing in a tuft from the short 
stock, owing to the non-development of the lower inter- 
nodes; while the upper leaves are separated from each 
other by distinct, and often long, intemodes. A parallel 
but more remarkable case we see in American Aloe 
(^Agave) and Adam's Needle {Yucca), and, on a small 
sc^e, in the Lettuce and Dandelion, in which plants a 
succession of (really alternate) leaves are given off from a 
very short stem or stock, the intemodes of which are not 
perceptibly developed. This is continued until the ap- 
proach of the flowering season, when the stem ' suddenly 
begins to lengthen out, and the leaves either cease alto- 
gether for a long interval, as in Daisy and Dandelion, or 
gradually decrease in size to mere scales, as in American 
Aloe, in our deciduous trees, the nodes from which 
foliage-leaves are given off are developed at tolerably, 
uniform intervals, but in Pine, Larch, and Cedar an 
anomalous condition occurs. In the Pines there are 
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two kinds of leaf— one a small, membranousy brown 
scale-leaf, upon the elongating axes ; the other, a long, 
green, needle-like leaf, upon the arrested axes. The 
needle-like leaves are arranged in tufts of 2, 3, or 5 in 
Pines, or in many-leaved clusters in Larch and Cedar, in 
consequence of the non-developmfent of the intemodes of 
the excessively short branches which bear them. That these 
tufts really arise from shortened branches is obvious on 
examination, for they occupy the axils of the smaller 
scale-leaves, and some of them occasionally develop their 
intemodes, when, consequently, the needle-like leaves are 
borne singly upon the shoot, and are separated from each 
other by more or less marked intemodes. In the Oak, 
the upper nodes of a year's shoot are usually more 
crowded than lower down. As a consequence, the 
branches originating in the axils of these upper leaves 
by way of mutual accommodation, spread apart at a wide 
angle, hence the characteristic ramification of the tree. 

5 . The cotyledons are the first leaves of the primary 
stem of the plant. They are usually, but not always, very 
short-lived, and shrivel up and die at an early stage. In 
some plants they never leave the testa of the seed, but 
remain underground, as in the Oak, Chestnut, and Bean. 
In the Beech, which is nearly allied to the two former, 
and the Lupine, nearly allied to the last-named, they rise 
above the surface. 

The first leaves of branches ordinarily differ from those 
which follow, in being much smaller and often hard and 
scaly. These are the scale-leaves. They serve as pro- 
tective organs to the delicate radiments of the foliage 
leaves which they enclose. They may be easily found in 
many of our trees, as Ash and Horse Chestnut. Both 
of these are well adapted to show the gradual passage of 
the scale-leaves into ordinary foliage-leaves, convincingly 
showing that they are both modifications of one and the 
same organ. In Beech and Oak the stipules take psirt in 
the same protective function. 

Many trees develop each season terminal as well as 
axillary buds. As before pointed out, it is only by the 
development of the former that the original stem or its 
branches are prolonged. Some plants never renew their 
branches by annual terminal buds, as the Willow and the 
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£lm. In the Oak, Ash, and Pine, both terminal and 
axillary buds annually develop branches. 

This variety of conditions in respect to the relations of 
teiminal and axillary buds necessarily influences the 
general aspect, or hadi^, of the tree. Note, for ex- 
ample, the contrast, in habit, between the Beech and 
the Ekn. The leaves are two-rowed (distichous), the 
nodes often equally numerous, and the intemodes about 
equidistant in length in both. But while in the Beech 
the axillary branchlets from the same branch of the 
previous year are nearly equal in length, in the Ekn they 
tend to become successively longer towards the apex, so 
that the contour of a two-year-old twig of Beech is com- 
paratively paraUel-sided and narrowed above, of Elm 
much broader, or obovate, above. The persistence of 
this general tendency year after year results in the con- 
trast so conspicuous in winter between the two trees ; 
between the arrow-like extremities of Beech, the rounded 
or shield-like terminal masses of Elm. In this connec- 
tion, having regard also to the alternation and mutual 
relation of leaf-bearing and flower-bearing nodes, our own 
British forest trees offer much interesting material for 
study, the normal relations being generally most clearly 
discernible in young and healthy examples. 

Leaves vary in their duration. In our climate they 
usually last but one season ; at the close they separate 
from Uie stem at a definite transverse plane, leaving a 
scar ; if they remain attached, they decay gradually. In 
Evergreens, the leaves either persist until the expansion 
of those of the second year, then falling off, in which case 
they are merely of annual duration, or they may remain 
attached two, three, or more years, in which case the same 
spray exhibits the successive generations, which are 
usually separated from each other by a space of twig 
bearing only reduced or scale-like leaves, answering to 
the winter-breaks between the successive periods of full 
leaf-development. 

6. In the fully developed leaf we have already distin- 
guished petiole and blade. The mode in which the blade 
is folded while enclosed in the bud is spoken of as the 
vernation of the leaf 

The blade is divided longitudinally into symmetrical 



64 THE LEAVES. [cHAl-. 

halves by a midrib, which, continuous with the petiole, 

runs from the base of the blade to its apex. In the 
Begonias, some of which are grown in plant-houses for 
the sake of their variegated leaves, and, less obviously, 
in the Common Lime or Linden-tree and Elm, the sides 
of the leaf are more or less oblique or unequal. 

The arrangement of the veins in the blade is made a 
special study by botanists who concern themselves with 
fossil plants ; for the venation of leaves ia almost the sole 
character, besides their form, left thera of importance in 
fossil impressions upon which tu base comparisons with 
species still living. 

7. In describing plants, the form or outline of the leaf 
must be noted, and an appropriate adjective term selected 
to express it. As the fenns assumed by leaves are infi- 
iriteiy varied, it necessarily follows that numerous terms 



Fig. 40, — Sample Leaf of Apple. Ftt^. 41. — Compound (plDoiuc) 

kaTofRoK. 

must be used to denote them. The same terms apply, 
however, to any organs with plane surfaces, whether 
foliage or flower-leaves. The more important only we 
can*note here. 
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In the first pla.ce, compare the leaf of an Apple-tree 
or Daisy with one from the Rose or Horse ChestnuL 
Vou observe that ijj .jhe two former the leaf is in one 
piece ; in the two latter the fwtiole bears several distinct 
pieces. These distinct pieces are called leaflets, and 
leaves which are thus divided into distinct leaflets are 
termed compound. Leaves, on the other hand, which 
are not divided into separate leaflets, are termed simple. 
Simple leaves may be very deeply divided, as in Butter- 
cup, but the divisions do not extend to the base of the 
blade, nor are they separately jointed to the petiole. 
The portions of a simple leaf thus divided are called the 
segments or lobes. 

8. Simple undivided leaves. — It will be useful practice 
to try to find leaves which correspond to the various 
outlines figured below. It will constantly happen that 
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Fig. 44. 



Fig. 45. 




shgiitate 



Figs. 44 and 45. — Outlines of simple leaves. 



the form of some leaves may be as correctly described 
by one term as by another ; and again, some leaves 
vary so much on the same branch that they may be 
found to match two, three, or more of the outline 
figures. In describing such leaves you must use the 
terms which denote the. usual extremes of variation, as 
"leaves varying from lanceolate to ovate," or from 
"oblong to elliptical," &c. The terms may also be 
combined when needful, as oval-oblongy linear-lanceolate. 
9. Simple divided leaves, — We may class these under 
two series — viz. (i), those in which the segments radiate 
from the extremity of a petiole, as in Buttercup, and (2), 
those in which they are given off successively from a 
midrib, as in Dandelion. The former are of the palnia* 
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tifidy the latter of the pinncUifid t5rpe. If the segments 
be separated nearly to the petiole, the leaf vs pcUmati- 
partite J . if nearly to the midrib it is pinnatipartite. The 
termination -partite being substituted for -fid to denote 
-deep division of th^ blade. There are many modifications 
of these principal types of form, distinguished by special 
terms, but with these it is not needful to burden the 
memory just at present.* 




Fig. 46. — Pinnate leaf of Rose. A pair of adherent (adnaie) stipules 
are ^own at the base ; one on each side. 

10. Compound leaves we shall class as* we have done 
the divided simple leaves, from which they differ in 
having the blade divided into leafiets, which are given off 
from the summit of the petiole, or from the midrib (com- 
mon petiole), as the case may be. The leaflets separate 
from the petiole or midrib in the same way that the 
entire leaf separates from the stem, that is, without tearing. 
Sometimes it is very difficult to tell, at first sight, whether 
a leaf should be called simple or compound. Generally, 
however, it. is plain enough. Many beginners fall into the 
.mistake of calling leaflets leaves, but a little care will 
rarely fail to save any one from such a mistake. Com- 
J)ound leaves are either of the pinnate type,,as Rose, or of 
the digitate type, as Horse Chestnut. The Rose leaf is 

• See Dr. Lindley's pamphlet, ** Descriptive Botany.'* 
^Explanations (with figures) are given of all the terms in com- 
mou use. 

F 2 
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utuqualfy pinnate because there is an odd leaflet at the 
end of the common petiole. When the odd leaflet is 
absent the leaf is equally or abrupt^ pinnate. A leaf 
becomes twice pinnate {bi-pinnate) when the common 
petiole, instead of bearing leaflets, bears secondary 
petioles upon which the leaflets are pinnately arrai^ed. 

When leaflets are arranged on the digitate plan, and 
are but 3 in number, they are called temale^ and he leaf 



Fig. 4j.— DigiW-i kaf of Horse ChHtout. 

Is tri-foliolale, as in Clover and Strawbeiry ; if S. ?»'^ 
ale, the leaf being quinque-foliolaU . The leaflets may De 
twice temate (ii-lemaU) if the petiole bears 3 secondary 
petioles, each* of which bears 3 leaflets, and so on. 

II The point of a leaf or leaflet at which the mtdnb 
ends is called the aper/ the point where it passes into 
the petiole, or, if the leaf be sessile where it is J?inedW 
the stem, the dose. The apex and iase vary consideiaWy 
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in outline, and attention must be paid to both in describing 
die form of leaves. The apex, if sharp, is termed acute, 
if blunt or rounded, abtuse ; if with a very shallow narrow 
notch, emar^natt! if the notch be deep, Mfid—ihe leaf 
becoming btpartiu if divided nearly to the base ; it is 
trifido\ tripartite if there be three divisions. The base 
of the blade in cordate, sagittate, and hastate leaves we 
have already ^ured. If the base of the sessile leaf clasp 
the stem, it is termed ampUxicaul. If the lobes at each 
side of the base of an amplexicaul leaf be united together 
(HI the side of the stem opposite to the midrib, so that 
the stem appears to pass through the blade, the leaf is* 
per-foliate. If the bases of two opposite leaves be united 
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on each side of the stem, as in Teazle, the leaves are said 
^o be connate. Sometimes, in sessile leaves, the margins 
of the blade are continued down the sides of the stem/ 
forming wings to it. Such leaves are decurrent They 
fire very common amongst Thistles. When the petiole 
joins the blade upon its under surface and not at the 
margin, as in Garden Nasturtium {Trop(BolunC)^i\\& leaf 
is said to be peltate. 

The margin of the leaf varies, being sometimes perfectly 
continuous and not indented or toothed at all, when it is- 
termed entire; it is serrate if with sharp teeth directed' 
forward, like those of a saw ; dentate if with sharp teeth- 
directed outward ; rr<?;w!/tf if with rounded teeth; 

The surface may be more or less hairy, or altogether 
without hairs, when it is termed glabrous. Different 
terms are used to denote different kinds and degrees of 
hairiness, the more important of which are defined in the 
Glossary at the end of the book. 

12. Taking up again a specimen of the Pea or Bean, 
observe on each side of the base of the petiole a leafy 
organ somewhat resembling a leaflet* In the Pfea these 
organs are very large — larger indeed than the leaflets. They 
are relatively very large also in the Garden Pansy. These 
are the. stipules. They originate as lateral appendages of 
the leaf-base, and usually attain their full development 
before the leaf to which they belong. Leaves provided 
with stipules are called stipulate^ and leaves destitute of 
them, as those of Wallflower, exstipulate. Like leaves and 
leaflets, the stipules vary in form, but they are generally 
small, and often fall away very early, as in the Oak and 
Beech. 

13 Foliage-leaves are sometimes curiously modified, 
either to serve some special purpose, or by the absence of 
the blade, or the reduction of the leaf to a mere spine. 
Thus in the Pea we find the extremity of the common 
petiole and two or more of the lateral leaflets assume the 
form of tendrils^ enabling the weak stem to lay hold of 
supports in climbing. Compare with the tendrils of the 
Pea those of the Grape-vine or Virginian Creeper, which 
we have described as branches modified for the same 
purpose (page 59). 
In Barberry, the leaves borne by the elongate^ branches 
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are redured to shan> spines, from the axils of which 
spring subsessile tufts of ordinary foliage-leaves, borne 
(as in Fine, Larch, and Cedar) upon branches with un- 
developed intemodes. Leaves tufted in this way are said 
to he fasciculate. In Whin or Furze, both the leaves (ex- 
cepting those of the very young plant) and the branches 
are spinose. Stipules also are sometimes replaced by 
spines. When the blade of the leaf is absent, the petiole 
sometimes becomes flattened to such an extent as to look 



Fig. 49.— Branch of 



[be upper reduced <o 



like, an entire leaf, in order to replace the blade as an 
oilgan useful to the plant. But the flattening is generally 

vertical, so that the apparent leaf is placed ^gewise upon 
the stem, instead of spreading horizontally. By this 
character these leaf-life petioles may be generally recog- 
nised. They are called phyllodes. Sometimes the true 
blade is partially developed at the extremity of the phyl- 
lode, thus putting its petiolar character beyond doubt. 
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14. We cannot fail to have observed the various ways 
in which the flowers are borne upon the stem, in gather- 
ing and comparing together the common plants which 
we have had occasion to use in the course of these lessons. > 
It is convenient to speak of the Flowering System, or 
mode of arrangement of the flowers of plants^ as the 

INFLORESCENCE. 

In the Tulip we find a solitary terminal flower, borne 
by a firm herbaceous peduncle, which appears to spring 
directly from the root. (Such radical peduncles, whether 
they bear one flower or many as in the Cowslip and 
Dandelion, are called scales,) 

In Wallflower, the peduncle, in^ead of ending in a 
solitary flower, gives off successively a number of short- 
stalked (pedicellate) flowers in succession, until it exhausts 
itself and ceases to lengthen. Such an infloresence is 
termed a raceme. 

Common Plantain, gathered to feed canary-birds, has 
a similar kind of infloresence, but the flowers are sessile. 
This difference distinguishes the spike from the raceme. 

The . corymb is a form of raceme in which the lower 
pedicels are much longer than the upper ones. 

In Cow- parsnip and Carrot the flowers are borne upon 
pedicels springing apparently from one point Such an 
arrangement of pedicellate flowers constitutes the umbeL 
But as you And each of the umbels in these plants borne 
upon pedimcles, which, like the pedicels, also spring 
from one point, the entire inflorescence forms a compound 
umbel; the umbels of single flowers being the partial 
umbels. 

Observe the ring of small leaves at the base of the 
pedicels in the Carrot> forming an involucre. In com- 
pound umbels we frequently have both general and 
partial involucres, the former surrounding the compound 
umbel, the latter each partial umbel. 

Suppose, now, all the flowers of a simple umbel to be 
sessile ; we should have the same form of inflorescence 
as we And in the Daisy and Marigold, in which a number 
of flQrets are arranged upon a conical or flattened disk 
(the common receptacle)^ surrounded by an involucre. 
Such an inflorescence may be called 2i flower-head. The 
older botanists used to regard the flower-head as a kind 
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of compound flower, inclosed in a common calyx, but we 
found in the Daisy that it was composed of a number of 
■distinct flowers (florets), each with its own calyx and 
corolla. The ring of bract-leaves which surrounds the 
flower-head answers to the ring surrounding the umbel, 
and is called b^ the same name — involucre. Sunflower, 
Dandelion, Thistle and Groundsel) each have this form 
of inflorescence. 

In the Buttercup each leaf-bearing axis terminates in a 
solitary flower. In Wallflower we found that the leafy 
axis does not itself terminate in a flower, but g^ves off a 
succession of secondary branches (pedicels) each of which 
bears a flower. All forms of inflorescence in which the 
leafy axis itself terminates in a flower are termed definite 
or cymose; while those inflorescences in. which the leaf- 
bearing axes never actually terminate in a flower, but, 
as in Wallflower, give off a succession of lateral pedicels, 
are termed indefinite. In the Chickveeds and Stitchworts 
we have the cymose or definite inflorescence well shown 
in their characteristic forked cymes. 

An inflorescence which branches irregularly and re- 
peatedly like that of Bramble, Horse Chestnut, and most 
Grasses, may be, for descriptive purposes, called 2l panicle. 

In describing the form of an inflorescence, when it 
does not exactly coincide with any of the principal types 
here defined, that which is nearest may, for the present, 
be applied to it in an adjective form, as spicate^ racemosCy 
paniculate — like a spike, a raceme, a panicle, and so on. 

15. As we progress from below upwards in the exami- 
nation of the various organs of the plant, we notice, in 
approaching the flowers, that the foliage-leaves usually 
decrease in size, as in Buttercup, so that those next 
to the flower, or from the axils of which the flowers 
spring, are often very narrow and sometimes scale-like. 
Such reduced or otherwise modified leaves, immediately 
associated with the flowers or bearing them in their axils, 
are distinguished as bracts, and flowers thus associated 
with bracts are said to be bracteate. Orchis shows a very 
gradual passage from foliage-leaves to the bracts. In 
most plants the transition is much more abrupt. A ring 
or series of numerous bracts, inclosing flowers or pedicels, 
as in Dandelion and Cow-parsnip, we have called an 
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involucre. In Wallflower the bracts are undeveloped^ 
hence the flowers are ebracteate,, 

1 6. The organs of the flower, and their principal modi* 
fications, we ought now to be tolerably familiar with from 
schedule practice. There are, however, a few characters 
of importance which require farther attention, applying 
particularly to the manner in which the parts of the calyx 
and corolla are folded while in bud (termed astivatiofC)^ 
to the form of the corolla^ and the structure of the stamens 
and pistil. 

\vL the bud, the sepals and petals (or the lobes of a 
gamosepalous calyx, or of a gamopetalous corolla) may 
be folded with their margins either more or less over- 
lapping, or simply in contact without overlapping. In 
the former case, the aestivation is imbricate^ as in the 
corolla of Buttercup ; in the latter valvate^ as in the 
calyx of Clematis. Sometimes the calyx may be valvate 
and the corolla imbricate, as in Mallow* 

17. The petals of a polypetalous corolla, if narrowed 
to the base like those of the Wallflower or Pink, are 
clawed^ the narrow part being the claw^ the expanded 
part the lamina. In a gamopetalous corolla, or gamosep*- 
alous calyx, the lower united portion is called the tube; 
the free divisions, which indicate the number of parts 
cohering, constitute the limbj the divisions of the limb 
being spoken of simply as teeth if small, segments or lobes 
if larger. The more important forms of the corolla are 
noticed in Part II. under the groups of plants which are 
respectively characterised by peculiar modifications of it. 

18. When in our first chapter we spoke of all the 
organs borne by the stem as leaves of some kind, you 
were not in so favourable a position as, from subsequent 
experience you must now be, to appreciate the broad 
sense in which the word lea/w^s employed. I repeat, all 
the organs borne by the stem and its branches are modi- 
fications of one morphological leaf-type. By this state- 
ment you are not to understand that a petal, or a stamen^ 
or a carpel, is a modified foliage-leaf, any more than that 
a foliage-leaf is any one of these organs modified ; but 
they are all alike modifications of one common leaf-type 
which has only an ideal existence. Thus the leaf may be 
an organ either for the purpose of nutrition, or of repro- 
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ductioD, or it may be merely a protective organ ; but 
whatever function it is designed to fulfil — in other words, 
whatever special organ it becomes — it is modified appro- 
priately to the function which it has to perform. Thus 
we have the nutritive leaves, broad, green expansions, 
exposing the fiuida of the plant to the influence of light ; 
the protective leaves, hard and scale-like, as the scale- 
leaves of leaf-buds, br more delicate, and often showy 
and coloured, as the enveloping leaves of the flower, 
which have an attractive as well as a protective functioh 
to fulfil — attractive, that is, to insects \ just as is the sign 
of a tavern to thirsty passers-by. 

The essential reproductive leaves invariably assume 
one of two forms, either that of the staminal leaf, with 
the blade (the anther) thickened and its tissue partially 
transformed into pollen, or that of the carpellary leaf, 
which is hollow, bearing a seed-bud or seed-buds (ovules) 
usually upon its margin inside^ and terminating above in 
a stigma. 

That this is the correct view to take of the nature of 
the leafy organs of a plant, we have incontestable external 
evidence to prove. And this evidence is principally of 
two kinds. Either we find one form of leaf passing by 
insensible gradations into another, as foliage-leaves into 
sepals, sepals into petals, petals into stamens — or we find 
some of tne leaf-organs, especially those of reproduction, 
under certain conditions assuming the character of other 
organs. Thus stamens, in many plants, have a strong 
tendency to lose their character as staminal-leaves and to 
assume that of petalis, as you may find if you compare 
a Bachelor's Button with a wild Buttercup, or a double 
with a single Rose. There is, indeed, a Rose in which 
all the organs of the flower, excepting the sepals, so far 
depart from their normal character as to become small 
foliage-leaves, all coloured green, and firm in texture. In 
the spring-flowering Double Cherry not only are the 
stamens nearly all represented by petals, but the carpel 
(often two carpels) is represented by a green leaf. 

The chief difficulty in the way of accepting the notion 
of the essential unity of type or homology of all the leaf- 
organs of a plant rests principally on the wide dissimilarity 
existing, in the usual. condition of things, between the 
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leaves of the stj^m and the stamens or carpels, especially 
the latter. But' the acceptance and thorough apprecia- 
tion of this view you will find furnishes an invaluable key 
to the comprehension of all the various modifications 
which the stamens and pistil undergo ; and it is especially 
with reference to these that we shall at present concern 
ourselves. 

19. The Stamens. — The more important of the cha- 
racters afforded by the stamens, due to varying conditions 
as to cohesion, adhesion, and suppression, have been 
already, directly or indirectly, referred to. Each stamen 
may be the homologue of a single leaf, as is usual when 
the stamens equal in number the parts of the corolla or 
calyx, or each stamen may answer to a lobe of a divided 
or compound leaf, as is clearly the case when stamens are 
polyadelphous, and may probably be so in respect of their 
origin in many diplostemonous and polyandrous Rowers 
in which they are free, as well as in some, like the Mallow, 
in which they are indefinite and monadelphous. 

The anther may be sessile or, as is usually the case, 
borne upon a filament which stands in the same relation 
to the anther as the petiole to the blade of a foliage-leaf. 
Anthers vary in form usually from linear or oblong to 
ovate or cordiform. The pollen in each anther is con- 
tained in four longitudinal cavities, two on each side of 
the median line of the anther, or, in comparatively rare 
cases, in two cavities, one on each side of the median 
line. The form of the anther is often materially affected 
by the dilatation of the tissue of its median portion inter- 
vening between the pollen-cavities. This dilatation is 
generally more marked at the base of the anther than at 
the apex, thus determining more or less divergence below 
of the pollen-cavities, which in extreme cases of basal 
divergence (Deadnettle) are actually brought end to end, 
or indeed {Salvia) wholly separated from each other. 

The dehiscence of the anther, by which the pollen is 
liberated, is usuaUy longitudinal, and due to the rupture 
of the septum separating the contiguous pollen-cavities on 
the same side of the anther, the outer walls at the same 
time receding more or less from their previous line of 
attachment In the case of anthers in which there is but 
one poUen-cavity on each side, the dehiscence is along 
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the median line of the anther. In some anthers (in 
the Heaths^ Rhododendrons, and nearly all Ericaceae, 
Solatium^ &c.), the dehiscence is restricted to short slits 
or pores at the apex of the anther ; while in others (Bar- 
berry, Bay Laurel) the portion of the membrane of the 
anther, on its inner face, overlying the pollen, separates 
all round each pollen-cavity, excepting at a narrow point 
near the top, by which it remains hinged^ becoming at 
length sharply recurved, or billing away. 

Pollen * consists in most plants of minute, free, usually 
oblong ellipsoidal or spherical, double-coated cells, fre- 
quently marked upon the outer surface with microscopic 
ridges or tubercles, and capable of opening under favour- 
able conditions, as, for example, when the pollen falls 
upon the mature moist stigma, at one or more definite 
points, to permit the protrusion of the inner coat of the 
pollen-grain in the form of the so-called pollen-tube— a 
delicate hair-tike filament which penetrates, in some 
plants slowly, in others rapidly, the tissue intervening 
between the stigma and the cavity of the ovary, where it 
comes in contact with an ovule. 

The pollen-grains originate by repeated division of the 
cellular tissue occupying certain positions in the young 
anther ultimately occupied by the pollen-cavities. At 
an early stage of development a transverse section of a 
young anther shows the greater size of the parent-cells 
of the pollen as compared with the cells of the surround- 
ing tissue, which forms at length the sides and partitions 
of the anther. When the division of the parent-cells of 
the pollen has reached the last stage immediately pre- 
ceding the formation of the actual pollen-grains, they 
become more or less free from each other, or at least are 
easily separable in water. The cell-nucleus is absorbed 
and replaced by four new nuclei, so disposed in the cavity 
of tlie cell that its wall, becoming symmetrically constricted 
around each nucleus with its surrounding protoplasm, 
separates the whole into four equal nearly globular por- 
tions, the poUen-gniiins ; the outer wall of each grain then 
acquires its peculiar physical and structural characters, 
and the pollen is ripe. This is the usual mode of develop- 
ment, liable to modification in certain groups of plants. 

* Recur to this paragraph after mastering Chapter VIII. 
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Some other peculiar modifications which the anthers 
assume, either in form or in their .mode of dehiscence, 
fure pointed out in .Part II. as occasion arises. 

20. The Pistil consists of one or more carpels : if 
of two or more they may be separate or more or less 




cFiG. so.'-'Pod {legume) of Pea, partially laid open to show the attachment 

of the seeds to the ventral suture. 

coherent, free from the calyx-tube, or more or less 
adherent to it. Take a pistil of the simplest possible 
structure,^the pistil of the Pea or Bean, for example* 
Yoyi have an apocarpous pistil, consisting of a single 
carpel. Buttercup also has an apocarpous pistil, con- 
sistmg, however, not of a single carpel, but of numerous 
carpels. 

. A comparison of any one of the carpels of the Butter- 
cup with the pistil of the Pea will afford satisfactory 




Fig. 5x.— Longitudinal section of a fruit-carpel of Buttercup, showiog 
the remains of the oblique stigma. 

evidence that in the latter you have but a solitary carpel. 
In Buttercup you observe that the stigmas are all oblique 
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to the carpels which bear them, and that they all radiate, 
as it were, from the centre of the flower. A like ^liquity 
may be noticed in the Pea and Bean, the single carpel 
which these possess being the only one developed o( 
a whorl of five. Sometimes one or more of the carpels 
suppressed in the Pea and Bean are developed in other 
species which are allied to them in general structure. 

But Larkspur, Monkshood, or Columbine, furnish good 
connecting links between the Buttercup and the Pea ; for 
in these plants you find the carpels 
larger than in Buttercup, but fewer in 
number, varying from one to five, 
and standing in a whorl around the 
centre of the flower. Each carpel of 
the pistil of either of these three 
plants answers to the pistil, consist- 
ing of one carpel, of the Pea and 
Bean. In all of these plants the pistil 
is apocarpous ; the carpels, however, 
differ in number, as well as in the 
number of ovules which they ccntain, 
and in their mode of opening when 
ripe (dehiscence) to allow the seeds to ^^^ — fiuLi canwu 
escape. (jw/<i&i) of Coium- 

Observe that in Larkspur, Monks- b^™. Thtfrom™! 
hood, and Columbine, the ovules and t'Satm^cnl ofSw 
seeds are borne upon the inner angle seeds la the vintni 
of the carpels. The same in Pea and saimts. 
Bean ; and the inner angle of the 
carpels coincides with the axis of the flower. 

Now ovules are, as a general rule, marginal buds (the 
nature and relation of which, to ordinary leaf-buds, is 
still a matter for investigation), that is, they are borne, 
obviously, in a large proportion of cases, upon the 
mar^ns of carpellary leaves ; hence-we may regard the 
ijiner angle of each carpel, upon which the seeds are. 
arranged, as answering to the line of union of its infolded 
edges. This line is called the ventral suture. 

To take the Pea again as the simplest case ; if you Split 
it carefully open up the edge bearing the seeds, you will 
find, when laid open, that half of the seeds are on one 
edge, half on the other, each margin being alternately 
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$eed-b«aring. Up tfae middle of the opened carpel you 
have a «trong line or nerve (tbe outer angle when thfe 
carpel was closed), which is, simply, the midrib of the 
carpellary leaf, answering to the midrib which we find ia 
foliage-leaves. This line is called the dorsal suture. 

The apex of the carpel Is continued into the short 
style, and terminates in the stigma, whicb withers before 
the Pea is ripe. Each of the carpels in the other plant! 
which we have just examined presents the same feature! 
as the Pea. The Buttercup differs only in tbe small size 
of the carpels, each adapted to contain one small seed. 

Suppose, now, the ; carpels of the pistil of Columbine, 
instead of being free from each other, had been developed 
cohering to each other by their inner faces. The conse- 
quence would have been that we should have had a 
syncarpous pistil with a J-celled ovaiy. And syncarpous 
pistils with 5 cells, or more than 5 cells (as Orange;, or 
fewer than 5 {as Tulip), occur on every hand, and are 
nearly always explicable in this way; that is, by the 
cohesion of as many carpels as there are cells in the 
syncarpous ovary. It follows from this explanation of 
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J celled ovary of Tulip, ibowillg a-celled dv»ry of Foxglove, bJww- 

the structure of a syncarpous ovary that each of the 
divisions, called dissepiments, by which syncarpous 
ovaries are separated into distinct cells, must be double. 
They must each necessarily consist of the two infolded 
and cohering sides of adjacent carpels. And so we often 
find that when syncarpous pistils are ripe, Iheir carpels 
separate from each other, each dissepiment splitting into 
two plates. 
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21. From the circumstance that the ovules usually 
develop upon the margins of carpels, it must follow that 
when two or more carpels cohere, and their margins are 
infolded so as to meet in the centre of the pistil, the 
ovules must also be attached in the centre or axis. Their 
attachment, or placentationy as it is termed, is axile. You 
find this well shown in Tulip, where there are three 
carpels.; Foxglove, where there are two; and Orange, 
where there are many cohering. 

But in many syncarpous pistils, although the carpels 
cohere, their margins are not infolded to such a degree as 
to reach the centre and become united there into an 
ovule-bearing axis. When such is the case, the placenta- 
tion is described as parietal. We find all grades of de- 
velopment of these dissepiments, from the Violet and 
Pansy, with parietal placentation (the carpels not being, 
infolded at all, and the ovules arranged in lines upon the 
inside of the one-celled ovary), to the Tulip, in which the 
carpels cohere to the centre, and the placentation is con- 
sequently axile. The pistil of Poppy is intermediate; the 
margins of the numerous united carpels which compose 
it projecting into the cavity of the ovary without quite 





'iG. 55. — ^Transverse section of the Fig. ^6. — ^Transverse section of 

i-celled ovary of Pansy, showing x -celled ovary of Garden Pink, 

parietal plaoentatioiL showing free central placenta- 



reaching to the centre. The placentation of this plant is 
exceptional, the ovules being spread over the sides of the 
partial dissepiments, instead of being confined to their 
inner edges. 

In Pinks and Stitchworts the placentation is axile, but 
the dissepiments are lost before the ovary is fully grown, 
so that the ovules are collected in a head in the centre of 
a I -celled ovary. Such placentation is termed /ree-centraL 
The same kind of placentation i3 found in Primrose and, ' 
o.B, G 
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Cowslip, but in these plants there is no trace of dis- 
sepiments, the ovules originating independently of the 
enclosing carpelfe. 

In Pea, Columbine, and other apocarpous pistils, the 
carpels of which contain several ovules inserted upon the 
ventral suture, the placentation may be described as 
sutural. The sutural placentation of apocarpous pistils 
is, of course, essentially the same as the axile placentation 
of syncarpous pistils. 

22. Ovules originate as microscopic cellular projec- 
tions, which either grow straight out into the cavity of 
the ovary or, owing to unequal development at the base 
or sides, become curved upon themselves like a horse- 
shoe, or actually inverted, so bringing the organic apex 
of the ovule into contact with the placentary surface. 
Although ovules are generally borne upon the carpellary 
margins, and consequently are of foliar origin, yet there 
are numerous cases, more especially in plants with a one- 
celled ovary and a solitary ovule from the base of its 
cavity, in which the ovule may be regarded as developed 
directly from the floral axis, either at its organic apex or 
immediately by the side of it The form and behaviour 
of the ovule, however, are by no means affected by its 
relation, in respect of origin, whether to the carpellary 
leaves or axis. 

23. The structure of the Fruit deserves careful atten- 
tion, especially as there is scarcely any part of the plant 
more liable to be misunderstood. We must learn from 
what part, or parts, of the flower the fruit results, and 
how to distinguish fruit from seed; for some common 
fruits are constantly misnamed seeds^ and sometimes 
seeds are mistaken for fruits. 

Seeds are almost invariably contained in a seed-vessel 
tailed the pericarp, and the pericarp may consist either 
of the ripened ovary only, or if the ovary be inferior, of 
the calyx-tube combined with the ovary. 

In the case of Buttercup, we have already learned 
that the fruit consists of as many distinct carpels as there 
were carpels in the pistil of the flower. Each carpel con- 
tains one ovule in flower, and one seed in fruit. The 
pistil of Buttercup we called apocarpous, and the same 
term applies to the fruit. In like manner we may apply 
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the term syncarpous to all fruits which result from 
s)mcarpous pistils. 

Now the changes which take place during the ripening 
of the fruit are very simple indeed in Buttercup compared 
with those which take place in many other plants. We 
often find that an ovary with several cells in the flower is 
but one-celled in fruit, and that many ovules present in 
the flower are sometimes sacrificed during the perfecting 
of a single seed. Take an Acorn, or Beech-nut, for 
example. When ripe they contain but one cell and one 
seed, but if the ovary be cut across in June it will be 
found to be three-celled, with a pair of ovules in each 
ceE This suppression of parts during the ripening of 
the fruit is veiy common. It is, however, but one of the 
important changes to which it is subject. 

Another change which greatly disguises the true nature 
of the' fruit is the excessive enlargement of certain parts, 
or the alteration in texture and firmness of certain layers 
of the pericarp. 

Examine a ripe Cherry. You find it borne upon a 
peduncle. At the top of the peduncle there still remains 
a scar showing where the stamens were attached, and 
that the calyx was inferior. A little dot on the top of the 
Cherry denotes the position of the style. It must follow, 
then, that the Cherry-fruit has developed from the ovary 
only. You cut into the pulp of the fruit, and find that it 
encloses a hard stone. Break the stone, and the seed 
will be found inside. The stone is a hardened inner 
layer of the pericarp, the pulp a succulent outer layer ; 
both the stone and the pulp which surrounds it originate 
from the walls of the ovary. Stone-fruits, like the Cherry 
and Peach, are called drupes. Like the small fruit- 
carpels of Buttercup, they do not split open (dehisce) 
when ripe to let the seed escape, but simply fall to the 
ground, where the pericarp rots away and the seed begins 
to germinate. 

Try now an Apple. Examine first the top of the 
piedunclfe, underneath the fruit. There is no scar to be 
f oundj as in the Cherry, but at the top of the Apple you 
find the distinct remains of the limb of the calyx, and 
sometimes even a few withered stamens. You thus know 
the fruit to be inferior. In a previous chapter (p. 26) we 

G 2 
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examined the ovary of the flower, and found that it 
was adnate to the calyx-tube. So ovary and calyx-tube 
together constitute the pericarp in the Apple. 

Next try an Orange. At the bottom of the fruit you 
find either the calyx still remaining, or its scar; the 
peduncle is not sent to England attached to the fruit. 
On the top of the fruit is a little round scar, left by the 
style, which soon withers after flowering, and usually 
breaks off. The Orange, therefore, is clearly a superior ' 
fruit, developed solely from the ovary of the flower. Cut 
it across, and you find it divided into a variable number 
of cells by membranous dissepiments, each cell answering 
to a carpel. In the pulp which fills the cells, and which 
is developed from the inside of the outer wall of the 
ovary, the seeds are embedded. 

Try a Gooseberry. Like the Orange, it is a pulpy 
fruit, but from the distinct scaly tuft — the remains of the ' 
calyx-limb^on the top of the fruit, and the absence oif a ' 
scar at its base, it differs from it in being inferior. Cut 
across the middle you find it one-celled, and the cavity 
filled with juicy pulp and numerous {indefinite) seeds, the 
latter being attached to the sides of the ovary {parietal). 
The fruit is a true berry; and the same name you may 
apply to any syncarpous fruit that is succulent, and that 
does not open (succulent fruits rarely do) to allow the 
seeds to fall out, such as Black and Red Currants and 
Grapes. Raspberries, Strawberries, and Mulberries we 
shall find are not true berries at all. 

A syncarpous fruit that is dry when ripe, and which 
opens (dehisces) either by the pericarp splitting from the 
top to the bottom into valves, as in Horse Chestnut — or 
but partially from the top into teeth, as in Chickweeds 
and Stitchworts, or by little openings, called pores, such 
as are found in the ripe fruit of Poppy and Snapdragon — 
is called a capsule. And this name is applied to a great 
variety of fruits, differing much in size ^nd mode of de- 
hiscence, but all agreeing in being syncarpous, and when 
quite ripe, dry and dehiscent. 

Syncarpous fruits, on the other hand, which are dry 
and indehiscent, that is, which do not open, but liberate 
the seed by decay, as the fruit of the Hazel, you may 
simply call nuts. 
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In Buttercup a number of distinct' carpels collectively 
form the fruit, which, consequently, we have called 
apocarpous. Each carpel is dry, one-seeded, and inde- 
hiscent. Such fruit-carpels are called atheites. 

We have an example of the achene in the apocarpous 
fruit of the Strawberry, which you may compare with that 
of Buttercup, If the strawberry be ripe you find it to 
consist of a rounded pulpy mass, surrounded at its base 
by the persistent caJyx, Scattered all over the succulent 
head are numerous very small bodies, commonly called 
the seeds. We do not find seeds growing exposed in 
this way, but enclosed in pericarps, and if we carefiilly 
ejtamine the seed-like bodies we shall find they are fruit- 
carpels, because they each bear the remains or scar of 
the style (which is attached on the side of the ovary in 
the strawberry); and if we cut one of them open we 
shall find it consists of pericarp and enclosed seed. 
. They are indehiscent, and therefore wholly agree with 
the achenes of Buttercup. 

What, then, is the pulpy mass which bears the 
achenes? There will be no difficulty in ascertaining 
what it is if you can get half-a- 
. dozen specimens in as many dif 
ferenc stages between flower and 
fruit. With these you can trace 
the gradual enlargement of that 
part of the receptacle of the flower 
which bears the carpels until it 
attains its full size in the ripe 
strawberry. Itis therefore, strictly 
speaking, no part of the fruit. We 

shall now understand how the fruit fig. 57.— Fruit of Siraw. 
of the Strawberry difTers from the bory, showing p«- 

true berry. jj^^ '^c™l"f "- 

But the fruit of Blackberry must cepiade burinE nu- 
be compared with it. Here, again, meroui ichenu. 
is an apocarpous fruit, consisting 
of a number of succulent little drupes (called drupeli), 
arranged upon a slightly enlarged receptacle, each drupel 
answering to an achene of Buttercup or Strawberry. Thus 
Blackberries differ from Strawberries in having their 
^ carpels succulent instead of the receptacle. 



The Raspberry is almost identical with the Blackberry, 
which we now find, like the Strawberry, has nothing to 
do witb the true beny. 



—Single ftiik-carpel 



With regard to the Mulberry, the fruit of the Mulberry- 
tree. You have here the produce not of a single flower, 
but of a short, dense spike of pistillate Aowers, each 
flower consisting of a perianth of tour leaves in two pairs, 
enclosing the pistil, which is superior, and crowned by a 
bifid stigma. Now, as the pistil ripens and the seeds 



Fig, ec-ColltctivifraitofMofterrF. 

mature, the persistent perianth-leaves become very suc- 
culent and juicy ; and it is to these ot^ns, thus altered 
in texture, that the Mulberry owes such value as it pos- 
sesses as an eatable fruit. The Mulberry, therefore, differs 
from all the so-called berries which we have exaihined as 
yet, in the circumstance that it results not from a ungle 
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flower, bat from a number of flowers. On this ground it 
ma^ be distinguished as a collective fruit. All fruits 
which result from more flowers than one are collective 
fruits. We have examples in the cones of the Pine, 
Larch, and Cedar, in the Pine-apple, and the fruit of the 
Fig. A fig you can easily get for examination. If cut 
across, it appears to be filled with small dry seeds 
enclosed in a succulent pericarp. But such is not really 



the case. The woodcuts show the staminate and pistil- 
late flowers of the Fig. In order to observe them you 
must gather a fig while young and green. You will then 
find that the inside of the fig is thickly crowded, not with 
ovules, but with these minute, monochlamydeous flowers ; 
the pistillate flowers usually occupying the lower and 
greater part of the cavity. It follows, therefore, that the 
pulpy portion, which forms the mass of the fig, is a 
common receptacle, deeply concave and nearly closed at 
the top, bearmg numerous flowers upon its surface. If 
you have the opportunity, compare with the fig the "hip" 
of a Rose, Although radier similar at first sight, they are 
essentially different; The fruit of the Rose results from a 
single flower, the "c^yx-tube" of which becomes more 
or less succulent, and usually red in autumn. Inside are 
the separate, dry achenes, which must not be mistaken 
for seeds. The fruit of the Rose is analogous to that of 



n the receptaclci which 



(oclosal io a deeply concave rcccpiule. 

Besides the forms of fruit which we have emimetated, 
there are a few others so distinct in character as to merit 
special names and descriptions; but, as these arc con- 
fined to certain groups of plants, they may be suitably 
noticed when we come to speak of the general character 
of the respective groups in Part ]I. 

The prevalent forms of fruit, the structure of which 
should be thoroughly understood, are as follow : — 

Simple fruits (resulting from a single flower). 

Achene, apocarpous, dr>', indehiscent, usually one- 
seeded (Buttercup, Rose, Strawberry). 

Follicle, apocarpous, dry, dehiscent by ventral suture 
(Columbine, Larkspur). 

Legume, apocarpous, dry, dehiscent by both sutures 
(Pea, Whin, Broom). 

Nut, properly syncarpous and indehiscent] the pericarp 
usually hard and bony (Hazel). 

Drupe, usually apocarpous, succulent, indehiscent and 
one-seeded, with the inner layer of the pericarp stony 
(Cherry, Ahnond, Peach). 

Berry, syrtcarpous, succulent, indehiscent, several- or 
many-seeded (Gooseberry, Currant, Grape). 

Capsule, syncarpous, dry, dehiscent (Primrose, Chick- 
■ weed. Tulip, Orchis, Violet, Horse Chestnut). 
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Collective fruits (resulting from two or more 
flowers). 

24. The Seed. — The ovule after fertilisation becomes 
the seedy and its coat or coats ultimately form the testa, 
which, when the seed is ripe, may be membranous or 
papery, fibrous, crustaceous or bony in texture; easily 
separable from its contents or firmly adherent; unap- 
pendaged or provided with tubercles, ridges, wing-like 
borders or tufts of hair. 

The internal structure of the Seed we have already care- 
fully examined in the Buttercup, Bean, and Wheat. In 
examining plants, it will be sufficient at present to note 
whether the seeds are solitary^ definite^ or indefinite in 
the ovary if it be apocarpous, or in^each cell of the ovary 
if syncarpous. Thus the seeds are solitary in Buttercup, 
Parsnip, Deadnettle, and Marigold; definite (few and 
constant in number) in the Apple ; and indefinite (nume- 
rous or variable) in Primrose. Note, also, whether the 
seeds are exalbuminous, that is, containing embryo only, 
as in Pea, Wallflower, Apple, and Marigold; or albu- 
minous, containing albumen along with the embryo, as ia 
Parsnip, Buttercup, Tulip, and Wheat. 
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CHAPTER VIII. 

THE MINUTE STRUCTURE AND VITAL PROCESSES OF 

PLANTS. 

1. ,The minute parts of which plants are composed. 

2. The cells (ot Rhubarb). 

3. The vessels (of Rhubarb and Oak). Their modifications. 

They originate from cells. 

4. Tissues for comparison with those of Rhubarb* 

5. Active cells contain fluid contents. 

6. Cell-wall and cell-contents. Cell-nacleus. Division and 

growth of cells. 

7. Colouring matter of leaves* Chlorophyll. 

8. Starch. Oil. Sugar. 

9. Crystals in cells. 

10. Long and short cells. Fibro-vascular system of plants. 

11. Comparison of the arrangement and mode of increase of 

fibro-vascular bundles in Monocotyledons and Dicotyle- 
dons. The cambium celk. Exogenous and endogenous 
stems. 

12. Woody Dicotyledons further examined. Pith ; wood ; 

meaullary rays ; bark. 

13. Circulation of fluids through the tissues. Diffusion. 

14. The epidermis and its structure. Stomates. Intercellular 

spaces. 

I. TN our second chapter we inquired very briefly into 
L the functions of the nutritive organs. Now that 
we have had the opportunity of comparing the corre- 
sponding organs of many plants, and of forming some 
tolerable idea of the extent to which the same organ may 
vary, in external character, in different plants, it may 
be worth while to examine more closely than was at 
first expedient into their mode of working. In order to 
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understand this yau must first acquire a correct know- 
ledge of the minute composition of the various oreans. 
Now, their minute composition is, generally spealcing, 
so simple, that you need find- no difficulty in compre- 
hending it as to general features; but the parts of which 
I have to speak — which build up the leaves, and stem, 
and root — are so very minute, that unless you make use 
of a microscope that will magnify, say, 40 to 80 dia- 
meters, you will be unable satisfactorily to see the parts 
which compose these organs. In order to meet this 
difficulty, in case you cannot get a sight of the objects 
themselves, which is always best, refer to the cuts, which 
correctly represent all thai is necessary, 

2, Take first, if you please, a very little morsel of 
Rhubarb — out of a tart or jar of stewed or preserved 
Rhiibarb will do very well. It is better that it should be 
cooked, because then it is soft enough to be torn or dis- 
sected out with needles. If you have no Rhubarb at 
hand, a bit, as large as a small pea, of any soft, herba- 
ceous plant will do. Rhubarb is particularly well suited, 
because the parts which 1 wish you to examine are not 
quite so minute in its Gucculent rapidly-growing leaf- 
stalks as they are in plants generally. 

We will suppose that you have taken a very small 
morsel of boiled Rhubarb. Vou observe that it is quite 



Fic. Af. — CeUular lixus from die yMiok tt Rhubub, aigoified, 

soft and pulpy, and that a few fibrous strings appear tc 
be mixed up tlu-ough it. Take a little of the pulp on tbt 
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end of a needle and put it upon a slip of glass, adding a 

. drop of water. If you have a thin glass cover put it over 
the drop, gently letting one side rest first on the slip as 
you put it down, so as tor push out the air-bubbles, which 
are apt to get entangled, and which look like round balls 
with black sides when magnified. When you look at the 
Rhubarb under the microscope you are pretty sure to 
find a number of bodies resembling those represented in 
the cut. If you do not find them, try another morsel 
until you succeed. These bodies are called cells. They 
are hollow sacs, each filled with fluid. Now, of cells 
more or less like these, differing principally in size, in 
relative length and breadth, and m the thicknesses of 
their sides, every part of every plant is composed. All 
the organs are built up of these minute cells. 

3. But take now a very small bit of one of the fibrous 
strings of the boiled Rhubarb. Place it in a drop of 

> water, and, with a couple of needles, one in each hand, 
sepaiate it into what seem, to the naked eye, to be its 
constituent fibres, just as you would separate a morsel of 

' string into its finest threads. When you have got it 
dissected out, put a cover on as before, and examine it 
under the microscope. You will probably find here, 
besides numerous cells of various lengths, some long 

. tubes, with their sides {walls) curiously marked with 
delicate fibres, usually arranged in a spiral direction, 
twisting round and round inside the tube — the coils some- 
times very close, sometimes loose ; or you may find the 
fibre in the form of separate rings in the inside of the 
tubes. These tubes are called vessels. They originate in 
this way. A number of cells, such as we saw before, 
standing one over the other in a row, have the partitions 
which separate them more or less completely removed, so 
that the row of cells becomes open all through. We 
have then a true vessel. Vessels are almost invariably 
marked either by a spiral, netted, pitted, or ring-like 
thickening of their walls. In pitted vessels, as in Oak 
(Fig. 66), the minute circular or oblong "pits" are 
spaces left unthickened on the original cell-wall. These 
unthickened spaces in contiguous cells, when not spirally 
disposed in each cell in the same direction and so neces- 
sarily crossing, are strictly opposite to each other; and in 
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some cases the common intervening membrane dtsap- 

E.rs, and so direct communication becomes established ' 
ween the cells. In Rhubarb this thickening usually 
takes the form of a spiral fibre ; but if you boil a bit of 
oak-wood, half the size of a pea, in a few drops of nitric 
acid for a few seconds, it will become white and soft, and 
after washing it in water two or three times to remove the 
corrosive acid you may dissect it in the same way as you 
did the Rhubarb. You will find the vessels which it con- 
tains more or less like those in the cut. The larger vessels 



Fig, 65.— Vessels from the peliqle 
Di Rhubarb, magnifiea. 



of Oak-wood differ from those of Rhubarb merely in the 
thickening on the inside of the vessel being more uni- 
formly spread over the wall, omitting only minute spots, 
which look like holes or pores through the wall of the 
vessel. Such pitted or dotted vessels are very common 
in wood, and may be easily observed by making very thin 
slices of the wood lengthwise with a sharp razor. 

Plants, then, are built up of cells, or of cells and vessels ; 
the latter originating from cells. 

4. Compare with the structure of Rhubarb and Oak- 
wood that of the following tissues, selected as well as suited 
to show different modifications of cells and vessels, 
because easily obtained and requiring little preparation. 

Pulp of ripe Strawberry. Lai^e, thin-walled cells. 
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Pith of a young branch of any tree, especially Elder. 
The cells aie often closely packed, nnd consequently 
polygonal 

Lax cellular tissue from stem of Common Rush 
{JuMCUs). Hence the " intercellular cavities " occupy 
SB much space as the cells, which become stellate — 
drawn out at their points of contact like so many st£ir- 
fish. 



Fig. 67.— Cellulv lisue frooi thd F>G. tiS.-CEllulir tismc, wiih the 

[^th at Ibe EUci, BOiaiBsi. walls ofibe cells much IhkkeDed, 

as in the iioiH of uotK-fruiu; 

Piece of the stone of a stone-fruit, or shell of a nut, as 
Walnut, ground excessively thin, by rubbing it with the 
finger upon a hone. The cells have very thick sides, so 
thick that sometimes the cavity is almost obliterated. 
The "pits" are lengthened out into long "canals," 
which radiate from the cavity of each call ; and tha 
thick walls, seen in section, present more or less dis- 
tinctly, under a high magnifying power, the appearance 
of concentric stratification,— as though the thickening 
deposit had been thrown down upon the inside of the 
cell-wall in successive layers. This thickening of the 
walls of cells takes place by intussusception, additional 
molecules being intercalated between those already built 
in, and the appearance of concentric zoning is due simply 
to the alternation of belts richer and poorer in water, and 
so varying in their refractive power, when viewed by 
transmitted light, as transparent objects^ 

Potato. Apple. Thin-walled cells. 

Young shoots of Brake Fern (boiled to a pulp). Large 
. vessels, marked with cross bars. 
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- Pine-wood (thin slices, both lengthwise and across the 
** grain"). Long, thick-walled, tapering cells, without 
any vessels. The sides of the cells are marked with 
minute disks. 

Thin petals, and petals doubled back to show the pro- 
jecting cells on the folded edge. 

Pollen. The grains are usually oval or roundish, and 
generally free from each other when mature. Compare 
file pollen of Mallow, Cucumber, Fuchsia, Lily, Dead- 
nettle. 

5. We have spoken of cells as containing fluid. So 
they do, as long as they continue to take part in the work 
of the plant. But in old trunks of trees, the cells forming 
the older wood sometimes become so very thick-walled 
that they cease to do any work, and indeed may be said 
to have no room left to do it in. 

6. Take soine active, sufficiently transparent cells, such 
as you find upon the margin of a young leaf of Nettle, and 
removing a morsel of the leaf without injuring the hairs 
upon it, place it in a drop of water upon a glass slide 
under the microscope. You observe that each hair is 
simply a cell of the surface of the leaf which has grown 
out into the air. Now, if you add some fluid that will kill 
the cell, such as a drop of spirits of wine, you will find, 
after allowing it time to act, that the contents of the cell 
separate from the wall of the cell and collapse, lying as a 
loose sac or irregular mass in the middle. We may there- 
fore distinguish cell-contents from cell- wall. And the 
distinction is an important one, since all the real work 
of the plant is done by the cell-contents ; the cell-walls 
forming merely the framework of the workshops in which 
all the secret and wonderful operations of plants are 
carried on. 

It is this comparative isolation or individualisation of 
an infinite number of vital fragments that constitutes the 
chief structural difference between the vegetable and 
animal series of the organized world. 

In our second chapter we spoke of the elements 
carbon, oxygen, hydrogen, and nitrogen, as existing in 
plants in a series of peculiar combinations, some of 
which chemists are not yet able to imitate in their 
laboratories. The cell-wall consists of carbon, and th'© 
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elements of Water, oxygen, and hydrogen, forming a ter- 
nary compound {cellulose). The essential part of the celJ- 
cbntents consists of the same elements combined with 
nitrogen and sulphur, zovi!s\\\.\x\\Vi% protoplasm. Wherever^ 
we have growth going forward, there we have the proto- 
plasmic cell-contents, in varied association with water, in ', 
activity. 

In the living-cells of all flowering-plants may be dis- 
cerned, under sufficient magnifying power, a minute por- 
tion of the protoplasm segregated in the form of a rounded 
or lens-Shaped, more or less distmctly defined body, em- 
bedded in the protoplasmic contents. In many Monoco- 
tyledons (Hyacinth, Spiderwort, Orchis) it may readily 
be found, from its unusual relative size, especially in the 
epidermal cells. This is the so-called cell-nucleus or 
cytoblasty and the focus, so to speak, of protoplasmic 
activity. 

The way in which growth in plants takes place is 
simply this. The contents of the cells of the growing 
part, following an immediately antecedent fission of their 
cell nuclei, divide in two, and between the halved contents 
there forms a thin layer of the ternary cell-wall, which 
divides each cell into two distinct cells. The new cells 
then increase in size until they become as large as their 
parent cell, when they each diyide again, and the process 
IS repeated. With this increase in superficies of the cell- 
wall is associated an increase in thickness to a greater or 
less extent, though the activity of the thickening process 
usually attains its maximum after the cell has attained 
its full size. As a general rule, long and tapering cells 
acquire very thick walls, while short cells remain per- 
manently thin, or become thickened according to 
circumstances. 

7. Chlorophyll. — If you take any green part of a 
plant (and it will be best to take a morsel from some succu- 
lent leaf, or the thin leaf of a moss), and examine the cells 
under a powerful microscope, you will find that the entire 
cells are not coloured green, neither are the whole of the 
cell-contents, but that the colouring matter is limited to 
very minute granules of protoplasm lying in the colourless 
fluid contents. These are called the chlorophyll granules. 
TTie development of the green colour of these granules, - 
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that is to say of the chlorophyll itself, as distinguished 
from the **^ granule" with which it is always associated, is 
determined by the action of light, as may be proved by 
growing plants in total darkness, when they become 
blanched. The presence, moreover, of a minute quantity 
of iron is found to be essential to the assumption of the 
green coloration. The green colour may be easily removed 
by a little spirits of wine, leaving the granules, which are 
essentially but simple segregated portions of denser pro- 
toplasm, almost unaltered. Upon the presence of the 
green colouring matter of these granules under the in- 
fluence of solar light depends the most characteristic phe- 
nomenon of vegetable life — the assimilation of material 
adapted to vegetable and animal growth from the inorganic 
binary compounds, carbonic acid and water. 

8. Starch. — In observing the tissue of a Potato, re- 
ferred to above as well adapted to show thin-walled closely- 
packed cells, you may notice that the cells which are 
not cut into (and thus emptied), in making a very thin 
slice, are filled with very minute, oblong, translucent gran- 
ules. If the slice be too thick, the granules are so nume- 
rous that they entirely conceal the delicate cell-walls. 
These granules, which are stored up in nearly all the 
cells of the Potato, are called starch granules. To 
compare with potato-starch, you may take the smallest 
possible pinch of dry arrowroot and dust it upon your 
slide, and you will find that the granules of which arrow- 
root consists, though they differ a little in form, are, in 
other respects, like those of potato-starch. You inay 
make quite sure of it, if you add a small drop of weak 
tincture of iodine, when they ought at once to assume a 
deep violet colour : for iodine forms with starch a violet- 
coloured compound. 

Similar granules to those of the Potato, allowing for 
diflferences in size and form, you may find in nearly all 
flowering - plants. They are especially abundant in 
thickened roots, in underground stems, and in seeds. 
In these organs the stairch is stored away as a tempo- 
rary reserve, to be hiade use of after a winter's rest, or 
(in the seed) at the time of germination. The granules 
then dissolve, and may be said to be eaten by the proto- 
plasmic cell-contents. Starch is identical in chemical 
O.B. H 
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composition with the ternary substance of which the cell- 
wall is formed, from which it differs in being a temporary 
instead of a permanent formation. It originates always 
in direct connection with the chlorophyll-containing 
granules of the leaves, whence it is conveyed, in what we 
may here conveniently speak of as in solution, to those 
tissues in which growth is actually taking place, or to 
others destined to receive the reserves of food available for 
future use. Under high magnifying power the individual 
grains of starch present more or less distinctly the ap- 
pearance of successive zones around a usually eccentric 
focus. This is due, like the zoning in thickened cell- 
walls, to the alternation of belts richer and poorer in 
water, and so varying in refractive power. 

Another form in which temporary reserves are stored 
up in the cells, we find in the globules of oil abundant in 
some cells, especially of certain seeds and fruits. Hence 
we find the principal source of our vegetable oils in the 
fruits of difterent plants, as Rape-seed (embryo), Olive 
(pulp of drupe), Cocoa-nut (albumen), &c. 

Sugar is another food-deposit of plants, differing from 
starch in being soluble in the watery cell-sap which fills 
the full-grown cells. It would appear to be usually an 
intermediate condition of the plant's ternary food, either 
preceding the formation or immediately following the 
solution of starch. It abounds in the cell-sap of the 
stem of the Sugar-cane and in the root of the Beet. 

9. Besides chlorophyll, oil, and starch, there may fre- 
quently be found minute crystals, either in the fornri of 
microscopic needle-like prisms {raphides), or collected into 
nodules {spkceraphides), lying in the cavity of cells — or, 
indeed, actually embedded in their walls. These are usually 
salts of lime, and in themselves of subordinate importance. 

10. Besides the distinction already pointed out be- 
tween cells and vessels, you may roughly group the 
different kinds of cells as lon^ or short. Long cells are 
usually thick-sided and often taper at each end, so that 
when a number of them are associated together, forming a 
tissue, we find such tissue to be generally firm and tough. 
Such cells, together with a few vessels, form the principal 
mass of wood, of petioles, and of the ifeins of leaves. 
These veins, which have nothing in common with the 
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veins of animals, serve as a sort of framework for the 
support of the short cells, which occupy their interstices. 
The short cells of leaves are generally thin-walled, and 
during spring and autumn they are busily engaged in 
elaborating the food of the plant by the aid of the sun's 
light and heat. The bundles of long, thick-walled cells 
with the vessels which accompany them, forming the 
veins, we may speak of as Xh^ Jibro-vascular system, and 
the short cells as the cellular system of the leaf. In 
the petiole the cellular system is much reduced, and the 
fibro-vascular system is contracted into narrow compass. 

II. The arrangement of these systems, as they are 
termed, in the stem, differs considerably in the two great 
Classes of flowering plants. 

Excepting in their single cotyledon and the behaviour 
of the radicle in germination. Monocotyledons are not, at 
first, materially different from Dicotyledons ; but when 
one or two seasons of growth are over, a marked differ- 
ence in the mode of arrangement of their fibro-vascular 
bundles usually becomes apparent. And this difference 
essentially consists in the circumstance that in Mono- 
cotyledons the fibro-vascular bundles of the stem remain 
permanently isolated, and once completed in the stem do 
not receive any addition in thickness ; while in Dicotyle- 
dons they become confluent, forming a continuous ring 
round the pith, and constantly increase in thickness 
during the successive working seasons of the tree by 
organfcally conti'^uous additions to their outer side : so 
that in Monocot>iedons the bundles are closed ox definile; 
in Dicotyledons, continuous or indefinite. 

But the nature of this difference you will appreciate 
better when you understand the composition or arrange- 
ment of the tissues forming these fibro-vascular bundles. 
Each bundle includes at first a layer of cells of extreme 
delicacy, which cells are capable of undergoing division 
and enlargement, and it is by means of this layer only 
that the bundle can increase in thickness. This layer of 
active cells is inclosed between two distinct but yet 
corresponding systems : one system (the xyloid system) 
usually on the side towards the centre of the stem, in our 
trees of long, thick-walled cells and vessels, forming what 
is popularly understood as the wood of the fibro-vascular 

H 2 
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bundle ; and another (smaller) system {Kht phlmoid system) 
on the side of the bundle towards the circumference of 
the stem, characterised often 
by thick-vfalled, tapering cells 
/ hitherto commonly spoken of as , 

. the liber, aisociated in varying 

proportions in different plants 
■ /'- with thin -walled lubes, the 

transverse sepia and scattered 
W spaces upon the sides of which 

are latticed or finely netted, and 
at length, at least in some cases, 
Fifi. ci9.-DLagrain nprt«m- perforate, 
iiig a cimmin Mrsngemtni The figure (69) represents a 
raii^bu^dhf^'ihe^.b^r fibro-vHStulaf bundlc cut across, 
£, camb.um-laytr. » w'lod! showlngat ,;the layer of delicate 
Bw.de vciseUf the Wind. ccUs, Called the eambiunt-layer, 
the cells of which divide and give 
off new cells on each side — on the inner side chiefly wood- 
cells and vessels, on the outer side fibrous hber-cells and 
sieve- or lattice-tubes. In Dicotyledons these bundles 
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are arranged in the undifferentiated cellular tissue of the 
stem in such a manner, at a very enrly stage of its growth, 
that the cambium-;ells of the bundles, which are side by 
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side, coalesce and thus form one continuous cylinder of 
multiplying and enlarging cells around a portion of the 
undifferentiated tissue, which thus becomes isolated in the 
centre of the stem as the pith, while wholly external to 
the radiating vascular bundles an outer belt of the same 
tissue persists as a cellular investment which, together 
with the collective phlceoid system of the confluent vas- 
cular bundles, forms what is popularly termed the bark. 
The consequence of this lateral confluence of the vascular 
bundles is, that in Dicotyledons all the wood is on the 
inside of this cambium-cylinder, and all new wood is 
deposited on the outside of wood previously formed : all 
the liber and lattice-tubes, on the other hand, are on the 
outside of the cambium, and immediately within the 
original cellular investment. Structure such as here 
described is precisely what we find in the stem of an Oak 
or any other of our native trees, which are said to be 
exogenous^ from the circumstance that their wood increases 
by additions to its outside. 

In Monocotyledons, on the other hand, the cambium- 
cells of the different fibro-vascular bundles never coalesce 




Fig. 71. — Diagram showing the arrange-nent of the fibr>vascular bundles in 
a cro.ss-section of the stem of a Monocotyledon, v b fibro'^ascular 
bundles, c t cellular tissue. 

SO as to form a cambium-cylinder, but remain permanently 
scattered through the primitive cellular tissue of the stem ; 
consequently they do not form continuous rings of wood. 
The cambiuni-cells, therefore, soon cease their dividing 
and enlarging work, and the fibro-vascular bundle is 
finished. These bundles are especially crowded towards 
the circumference, and as they are each sheathed, espe- 
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cially on the outer side, with thick-walled prosenchymatous 
cells, the outer portion of the trunk consequently becomes 
much harder than the centre in woody Monocotyledons. 
From the mode of development of the fibro-vascular 
bundles, and the direction which they take in the stem, the 
trunk of woody Monocotyledons does not usually increase 
in diameter beyond a certain point, as we find in Palm- 
trees, which frequently have tall cylindrical stems as thick 
at the top as at the base. These peculiarities led the older 
botanists to call such stems endogenous^ from a notion 
that the younger bundles were those in the centre of the 
stem, and that they pushed and compressed the older 
bundles towards the outside. The only woody Mono- 
cotyledon native in Britain is a shrub called Butcher's 
Broom. In hot countries they are numerous, though 
belonging to very few Families. 

12. But the structure of woody Dicotyledons, with 
which, in our cool climate, we are most intimately con- 
cerned, requires further examination. 

Take a cross-section of the stem of an Oak, several 
years old. You find in the centre the remains of the 
original cellular system of the stem, reduced to a very 
narrow cord, and distinguished as th^pith. When young 
the pith served to contain stores of food for the nourish- 
ment of the growing plant ; now it is dry and useless. 
Surrounding the pith is the wood, forming the great mass 
of the stem. A number of concentric rings are distin- 
guishable in the wood, there being as many rings as 
years that the stem has existed, one ring to a year ; so 
that by counting the rings from the pith to the bark you 
may ascertain the age of the stem. The appearance of 
rings, or annual zones, in the wood, arises simply from 
the wood formed in summer and autumn being denser, 
closer-grained, and with fewer vessels than that formed in 
spring. 

Besides the concentric annual zones due to alternations 
of summer work and winter rest, — many timber-trees 
exhibit in cross-section an inner and older ])ortion of 
the wood, differing in colour and often in other physical 
characters, from the outer and younger wood. The inner 
portion is usually more deeply coloured than the outer, 
from which it may be separated by a definite line, nearly 



VII r.] OF THE STEM. 103 

answering to one of the annual zones, or may more 
gradually and irregularly graduate into it. The inner 
more deeply coloured wood is termed the heart-wood or 
duramefiy the outer younger and paler the sap-wood or 
alburnum. It is probable that the distinction between 
heart-wood and sap-wood is primarily due to a fermenta- 
tive process which probably affects the molecular com- 
position of the cell-walls of the former. Many of our 
cabinet-woods derive their ornamental value from this 
change in their heart-wood. 

With a little care you may notice that there are, as it 
were, narrow rays proceeding from the pith to the bark. 
These are actual plates of unmodified primitive cellular 
tissue left between the fibro-vascular bundles, which look 
like narrow rays when the stem is cut through trans- 
versely. They are called the medullary rays. They are 
usually very narrow, much narrower in most trees than in 
the Oak, the wood of which, when cut lengthwise in the 
plane of these rays, is marked by silvery patches of the 
cells of the rays, forming what is called the silver-grain, 
which house-painters imitate in painting wainscot. 

It will be difficult to find the cambium-ring without 
using a lens. It is a narrow belt of thin-walled cells, 
easily ruptured in spring, immediately within the bark, 
which it connects with, while at the same time it separates 
it from, the wood. 

The outer layers of bark are usually composed of 
short cells of corky texture, partly the remains of the 
primitive cellular tissue of the axis before the formation 
of vascular bundles within it. These corky <5ells serve 
to prevent the cambium-layer from drying up, by checking 
evaporation from the surface. 

From the mode of increase in diameter of the woody 
axis of Dicotyledons indicated above (p. loi), it must 
follow that unless the outer bark retains sufficient 
vitality to permit the formation of new cells, so as to 
accommodate itself to the increasing diameter of the 
wood which it incloses, it must necessarily become 
ruptured. And so we find in the majority of our trees 
that the bark becomes longitudinally fissured, as in Oak, 
Elm, and Willow. In healthy Beech, however, the bark 
retains sufficient vitality to permit dilatation pati paszu 
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with the dilatation of the stem, and so retains a tolerably 
uniform surface. In Birch and Plane the bark separates 
in successive thin plates. In Scotch Fir both radial 
fissuring and concentric lamination occur. Here, again, 
we have opportunity for interesting observation in the 
field, in trying to ascertain what causes determine the 
weakest lines of the bark, and so bring about the mode 
of fissuring pecuHar to each species or group of species. 

The inner layer of the bark of many plants and trees 
in which the fibrous tissue or liber proper is largely 
developed, is made use of for cordage and in cloth- 
making. Hemp, flax, and Russia-matting, are all derived 
from this layer, which, in the plants affording these 
products, is very tough. 

13. The questions now present themselves — Through 
which of these cells, or systems of cells, in the stem, is 
the watery sap, absorbed by the roots, conveyed to the 
leaves ? And when the sap has been exposed to the sun's 
influence in the leaves, how does it find its way through 
the plant.'* In other words, how do the sap and nutrient 
fluids circulate in the plant? But these questions, 
reasonable though they seem, it is impossible to answer 
satisfactorily in the present state of our knowledge. 

It is not our business just now to concern ourselves 
with contested points, so we must be content with a very 
general and partial explanation. In the first place, we 
must recall the fact that the entire plant is built up of 
closed cells and vessels ; consequently, solid substances, 
even in the minutest state of subdivision and suspension 
in water, cannot be admitted by healthy uninjured plants. 
Mistakes as to this point have arisen from using injured 
or wounded plants for experiment. Therefore only fluids, 
substances dissolved in fluids, and gases, can be absorbed 
by the plant ; viz. fluids with solids or gases in solution 
by the roots, gases and vapour by the leaves. 

The circulation or transference of these fluids and 
gases from cell to cell can only be by diffusion^ a physical 
process, probably controlled in some way not yet under- 
stood, by its taking place in a living apparatus. This 
process of diffusion depends upon two conditions. First, 
we must have two fluids separated by a membrane of 
some kind which they can permeate. Second, these 
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fluids must be of different chemical composition, or of 
different density. When these conditions exist, a current 
is set up through the membrane, which results in one of 
the fluids (the denser) increasing in bulk at the expense 
of the other. This increase is due to Diffusion. The 
affinity of the membrane itself for one of the fluids in 
preference to the other modifies the result. Now, these 
conditions obtain throughout all plants, excepting, of 
course, the old dead and dry portions of trunks, &c. 
They are built up of closed cells, containing fluids of 
varying density, and the walls of the cells are permeable. 
The consequence is, that there may be constant transmis- 
sion of fluids going forward throughout their tissues. 

This explanation of the transference of fluids in plants 
no doubt is. satisfactory so far as it applies to tissues con- 
sisting of cells with relatively large cavities, but when we 
find, as in many woody stems, that the course of the fluid, 
the so-called "ascending sap," absorbed by the root, is 
chiefly through the thick-walled prosenchyma of the wood, 
the individual cells of which have their walls much 
thickened, and their protoplasmic contents mainly re- 
placed by air, we are compelled to attribute the trans- 
ference of this fluid to the existence of some molecular 
relation established between the substance of the cellulose 
thickening of the cell-walls and the particles of water by 
which it is freely permeable, the precise nature of which 
we are not yet in a position to define, but which may be 
currently described as capillary. Whatever explanation 
may be ultimately adopted, the fact is clear that the chief 
upward transference of fluid takes place through the wood- 
cells of the vascular bundles, which collectively form in 
Dicotyledons the sap-wood or alburnum, and that this 
transference during active spring-vegetation is very rapid. 
In those woody dicotyledonous stems in which a distinct 
duramen occurs, this central portion, after acquiring its 
characteristic colour and other physical features, may be 
regarded as relatively dead matter, taking no direct part 
in the vital functions of the plant. The direction of the 
current is mainly determined by the constant evapora- 
tion from the leaves, so that the water taken up by the 
surface-cells and hairs of the root-fibrils is impelled up- 
wards through the stem and branches, to restore the 
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equilibrium, until it reaches the leaves and other tissues 
exposed to evaporation. The elaborated sapy as it has 
been called (that is, the fluid cell-contents, containing avail- 
able nutrient matter derived from the chlorophyll-contain- 
ing cells), is generally admitted to descend chiefly through 
the inner layers of bark. Indeed, a rude experiment may 
be regarded as strongly confirming this view. If you 
remove a ring of bark from the stem of a tree, or bind it 
very tightly round with a strong hoop, no wood will be 
formed below the ring or hoop. On the other hand, a con- 
siderable thickening will take place immediately above it. 
From the absence of a system of vessels analogous to 
that of animals, and of a pumping-engine like the heart, 
the course taken by fluids in plants is comparatively very 
vague and ill- defined at best. I have here merely indi- 
cated its general course in the stems of Dicotyledons. 

14. I have spoken of leaves as capable of absorbing 
gases, especially carbonic-acid gas, and probably also 
vapour, from the atmosphere. 

If a leaf be examined carefully, it will be found covered 
with a thin skin or epidermis, which very often (in fleshy 
leaves) may be torn off in filmy shreds. And a similar 

epidermis covers nearly all the green 
and coloured organs which are exposed 
to the air. If a piece of this epidermis, 
torn from a leaf with the thumb and a 
sharp penknife, be placed in a drop of 
water upon a glass slide, its structure 
may be easily made out under the 
microscope. Suppose a shred torn 
from the leaf of a Hyacinth. It will be 
found to consist of an excessively thin 
layer of flattened cells, closely fitting 
at their angles. Scattered at intervals 
over the epidermis are pairs of very 
small cells side by side, with their 
ends in contact, as shown in the cut. 
Each pair of cells forms a stgmaie. 
If the epiderm of a growing leaf of 
Hyacinth be examined from apex to 
base, stomata in various stages of development may be 
found, from the first appearance of small squarish green 




Fig. 72. — Epidermis 
« f Hyacintn, show- 
ing one open sto- 
mate. 



VIII.] EPIDERMIS. 107 

cells with dense protoplasmic contents, to the appearance 
of a septum across this cell parallel with the margins of 
the leaf, and ultimate fission along the median line of 
this septum, upon which the two cells tend to separate 
more or less in the middle, remaining in contact at their 
two ends, when the stomate is complete. In Dicotyledons, 
especially with broad leaves, the epidermal cells are irre- 
gular in outline, and so the stomates necessarily vary in 
direction in relation to the leaf-margin. Generally they 
are scattered at tolerably equal distances over the epider- 
mis in which they occur, though they are occasionally 
grouped in clusters. On the under side of the leaf of the 
common Lime-tree the stomata are reckoned at about 
a million. When the cells of the stpmates are rendered 
turgid by the absorption of fluid, they separate more or 
less from each other, leaving a minute opening in the 
middle between them. When they are flaccid, the guard- 
cells remain closely applied, and the orifice is closed. 
Under ordinary conditions of the air as to moisture they 
are open ; when it is either very dry or very moist, they 
are generally closed. 

The stomates, therefore, serve to facilitate the absorp- 
tion of gases, and probably of vapour, from the air. They 
do not, however, open into cells, but into spaces between 
the cells of the leaf, called intercellular spaces. These 
intercellular spaces are widest between the cells forming 
the lower layers of the leaf, and we find that stomates are 
generally much more abundant in the epidermis of the 
lower than of the upper surface of leaves. There are no 
stomates on roots, over the veins or vascular bundles of 
leaves, nor, usually, on surfaces under water. 



PART IT. 

CLASSIFICATION OF PLANTS. 

1 . Extension of the plan of examining Type-specimens to sub- 

ordinate groups. 

2. The specific and generic Names of Plants. Individuals. 

Species. Genera. 

3. The Binomial Method of naming Plants. Diagnostic cha- 

racters. 

4. Arrangement of Genera under superior groups. Subordination 

of characters. 

5. Varieties. 

6. Explanation of the Type-lesson. Necessity for a constant 

reference to Specimens. 



Page 113- . 

Examination of Typical species of the principal Natural 
Orders of British Flowering or Phanerogamic Plants. 
Deviations from the respective Types and important struc- 
tural peculiarities are noticed. Economic applications of 
the species. 

Page 251. 

Flowerless or Cryptogamic Plants. Their principal Types. 

Page 269. 

How to dry specimens for the Herbarium. 

Page 275. (Appendix.) 
How to describe Plants. 

I. T N preceding chapters we have endeavoured to illus- 
JL trate the prevalent structure of Dicotyledons and 
Monocotyledons, by referring to a very limited number 
of common plants, which we made use of to illustrate 
different kinds of modification in the various organs, and 
especially in the parts of the flower. 
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Thus we made use of the Buttercup and others as 
examples of the Dichlamydeous Subclass, the Stinging- 
Nettle of the Monochlamydeous Subclass, and the Willow 
of the Achlamydeous Subclass of Dicotyledons. And, 
further, we employed Buttercup, Pea, Bramble, Apple, 
and Parsnip as examples of the Polypetalous Division, 
and Marigold, Deadnettle, and Primrose of the Gamo- 
petalous Division of the Dichlamydeous Subclass, and so 
on for each of the principal divisions of Dicotyledons and 
Monocotyledons. 

These illustrative examples we may regard as repre- 
sentative types. Each type embodies the characteristics 
of a large group, the members of which group, though 
they differ from each other in minor details, such as 
regularity or irregularity of the corolla, and sometimes 
in the number of stamens and of carpels, generally agree 
in characters which, from experience, we infer to be im- 
portant, fron their prevalence and general constancy 
through a large number of plants. These important 
characters are principally based upon varying conditions 
in respect of adhesion, cohesion, and suppression of the 
parts of the flower. 

By extending this method, by selecting and carefully 
studying types representing the principal subordinate 
groups, called Natural Orders, of British Flowering 
Plants, we shall lay the sure basis of a thoroughly scien- 
tific acquaintance with them. The types which we pre- 
sently proceed to select from each important Natural 
Order are not always the best suited to serve as repre- 
sentatives of such Order, because we shall be obliged to 
make use of plants of which specimens may be easily 
obtained, and these do not always happen to be best 
adapted for the purpose. Besides, in some Natural 
Orders the amount of variation in minor characters is 
so considerable that we shall find it needful to employ 
Sub-types, the relation of which to their type we shall 
endeavour to make clear whenever we find it needful to 
employ them. 

You must not be content with the examination of those 
plants only which are employed as types. You must try 
to refer to its type every flowering plant you meet with^ 
and, in a short time, you cannot fail to recognise easily 
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the Natural Orders to which most British plants belong. 
In the following pages you will observe that each plant is 
designated both by an English and by a scientific name. 
This is done partly that you may be familiarized with a 
plan of naming plants based upon definite principles, aiid 
partly that the memory may be stored (though we would 
not have it burdened) with at least the generic scientific 
names of our common native plants, which names are in 
use amongst botanists of all countries. 

2. The scientific name of every plant consists of two 
words, a substantive and an adjective. The substantive 
is the name of the genus, as Brown or Jones niay be the 
name of a family. The adjective indicates the species, 
as. John, Thomas, or William indicates the individual 
member of a family. 

But species is a collective term, and the same specific 
name is applied to all the individuals which belong to 
the same species. All individual plants which resemble 
each other so nearly that it is consistent with experience 
to suppose that they may all have sprung from one parent 
stock are regarded as belonging to the same species. In 
other words, the differences between the individuals of 
the same species are generally not greater than we are 
accustomed to observe between the individual plants in 
a field of Turnips or of Wheat, or in a bed of Pansies, 
sown with seed which we know to have been gathered 
originally from a single plant. All plants, therefore, 
which resemble each other thus nearly are referred to 
the same species, and the same specific adjective name 
is employed to designate them. 

Then again, species which resemble each other in all 
important particulars of structure (though it is impossible 
to define the exact particulars, for to a great extent they 
are arbitrary and of convenience,) may be referred to the 
same genus, and the same generic substantive name is 
employed to designate them. Thus, we refer all the species 
of Buttercup to the genus Ranunculus, and of Rose to 
the genus Rosa. In this way we have genera (plural of 
genus) including often many species, sometimes several 
hundreds : we have others, again, which include few or 
but single species. In the latter case, we have species 
which are necessarily comparatively isolated in the 



II.] OF PLANTS. Ill 

characters of their flowers ; more so, at least, than are 
the species of larger genera. 

3. Recollect, then, that in the scientific name of a plant 
we always state both the name of the genus and that of 
the species to which it belongs. The generic name pre- 
cedes. Thus Ranunculus bulbosusy Ranunculus acris, and 
Ranunculus repens are three distinct species of Buttercup 
familiar to botanists, always admitted as distinct, although 
their differences are so slight that the untrained eye 
might regard them as belonging to the same species. 
Observe, however, the closely reflexed sepals of R, bul- 
bosus; the spreading sepals, round peduncle, and stenij 
without runners of R, acris ; and the spreading sepals, 
furrowed peduncles, and stem with runners of R, repens. 
The brief characters which suffice to distinguish these 
species from each other are said to be diagnostic. It will 
be observed that the diagnoses of species rest upon com- 
paratively slight modifications of structure. The diagnoses 
of genera rest upon characters of higher importance (cha- 
racters more constant m the group than those used to dis- 
tinguish species), and so on for the groups superior to the 
genus, the characters of each of which embrace, as we 
have already shown, those of all their subordinates. The 
method of denoting every plant and animal by two names, 
a generic and specific, on a uniform plan, was invented by 
Linnaeus, and has become universally adopted. 

I The method of grouping genera into higher groups, 
according to their resemblance in characters of succes- 
sive degrees of constancy, though indicated by the same 
eminent man, has been the work of many collaborators, 
amongst whom the names of Jussieu, Brown, and De 
CandoUe are pre-eminent. 

4. Precisely as we group species under Genera, so we 
group genera under Natural Orders. The Natural Orders 
again (to which substantive names are applied for con- 
venience), under Divisions ; the Divisions under Sub- 
classes and Classes, as we have already pointed out. 
Thus, the characters of a Class are common not only to 
the Subclasses and Divisions, but to the Natural Orders, 
Genera, and Species included in that Class. It follows, 
therefore, that the characters of a Class must be more 
co:istant and more general than those of a Subclass or 
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Division, those of a Division than those of a Natural 
Order, of a Natural Order than those of a Genus, and of 
a Genus than of the Species which it includes. 

5. Botanists distinguish as varieties groups of indi- 
viduals of a species which are marked in common by 
some trivial character, subordinate in importance to the 
characters which are used to separate species. Thus, we 
may have white and red varieties of the same species of 
Rose, awnless and awned varieties of the same species of 
Wheat, &c. ; the colour of the flower of the Rose and the 
presence or absence of an awn in Wheat being characters 
too liable to variation to serve to separate species. 

6. The following pages are devoted to an examination 
of representative types of most of the Natural Orders of 
flowering plants native in Britain. 

I must here emphatically impress upon the beginner, 
that it is useless attempting to study this portion of the 
book without a constant reference to living specimens, 
without which any information he may acquire from it 
will be comparatively unavailable when tested in the field. 
Numerous references are given to plants which show 
peculiar departures from the several types. Specimens 
of these ought to be procured whenever it is possible, 
and dried for further use in the way described at page 
269. When a preparation can be preserved without 
pressing it between papers, as, for example, many dry 
fruits, seeds, galls, spines, &c., it would be well to have 
them thoroughly dried and mounted upon pieces of card, 
labelled with the name of the plant, the Natural Order to 
which it belongs, the particular in which it departs from 
the Type, &c. -Preparations of plants used for economic 
purposes, whether domestic, medicinal, in the arts, or 
otherwise, are always interesting, and are very useful for 
purposes of illustration. A few of these, which may be 
easily obtained, I have indicated ; but there are hundreds 
not mentioned and equally accessible. It is, indeed, 
scarcely possible to take a walk into the country, either in 
summer or winter, without meeting with objects which 
may help to throw light upon some question of botanical 
interest, and which maybe turned to account by a teacher 
for the purposes of illustration. To the late Professor 
Henslow nothing came amiss in this way, and his 
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most instructive lessons were those illustrated by the 
simplest ajid commonest materials. 

The diagrams and accompanying text, prepared for 
the Department of Science and Art, South Kensington, 
afford good pictorial illustrations of the Type-lessons. 
When possible, they ought to be accessible in class-rooms 
where Botany is taught, for reference by the students or 
scholars at their leisure. 



Series, anciosperms. 

CLASS I.— Dicotyledons, 

Sub-class, Dichlamydete. Division, Thalamiflor^ 

* Pistil apocarpous. 

I. Natural Orafer—Ranunculaceie. The Ranunculus 
Family. 

DiSTRlBXrriON. — Generally diffused through both hemi- 
spheres, excepting between the Tropics (where they are 
chiefly confined to mountain ranges). — British genera 13; 
species 31—32. 

Herbs (except Clematis). Slamena indefinite. 



Type— Buttercup {Ranunculus bulbestis). 
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Herb, with thickened root-stock, radical and alternate 
cauline divided simple leaves, and terminal solitary yellow 
flowers. 




Fig. 74- — Section of an achene 
of Buttercup. 




Fjg. 75. — Vertical section of 
a seed of same. 



.Or^^an. 


No. 
S 
S 

00 
00 


Cohesion, 


Adhesion. 


Calyx. 
sepals. 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


Polypetalous. 


Hypo^nous. 


Stamens. 


Polyandrous. 


Hypogynous. 


Pistil. 
carpels. 


* 
Apocarpous. 


Superior. 


Seeds. Solitary, albuminous. 



Important deviations from this type we find in : — 

Traveller's Joy {Clematis Vitalba), Stem woody. 
Leaves opposite. Sepals 4, valvate. Corolla o. 

Wood Anemone {Anemone nemorosd). Flowers involu- 
crate. Sepals 6. Corolla o. 

Hellebore {Helleborus). Petals 8-10, small and tubular. 
Seeds numerous. 

Monkshood {Aconiinm Napellus), Flowers irregular. 
Carpels 3 ; each several-seeded. 

Baneberry {Act era spicata). Sepals 4. Petals 4. 
Carpel solitary, baccate when ripe. 



I.] RANUNCULACE.E. 115 

In some species the stamens are very apt, under 
cultivation, to develop as petals, thus forming what are 
called " double flowers," as in Batchelor's Button {Ranun- 
culus acris) and the white-flowered R, aconitifoHus, The 
double 7?. orientalis is an esteemed florist's flower. In 
Figwort or Lesser Celandine (/?. Ficarid) the petals vary 
in number from 8 to 11, and the sepals are either 3 or 4. 
This species, when growing in damp places, often pro- 
duces axillary buds in the form of bulbels — small bulbs, 
which drop away from the parent, developing inde- 
pendent plants. 

Observe the phyllodineous leaves of Ranunculus 
gramineus: the involucre of Anemone^ in some species 
separated by a veiy short internode from the petaloid 
calyx, as in the Hepatica (A, Hepaticd) : the irregular 
calyx and corolla of Monkshood (Aconituin) and Lark- 
spur {Delphinium) and the spurred petals of Columbine 
{Aquilegid)\ the receptacle of Mousetail {Myosurus\ the 
portion which bears the carpels lengthening out very 
much after flowering, so as to resemble a mouse's tail. 

Compare the fruits of Ranunculus, Clematis {achene) ; 
Monkshood {follicle); Baneberry (^^rry); and Nigella — 
an exotic genus found in gardens — with the exceptional 
character in the Ranunculus Family of coherent follicles, 
forming a capsule. 

Many plants of the Order are very acrid and poisonous. 
Tramps, to excite compassion, use the leaves of the 
Meadow and Celery-leaved Ranunculus {R, acris and 
R, sceleratus) to produce blisters. Monkshood is very 
poisonous, and the root has been mistaken for Horse- 
radish, although destitute of its pungent smell, with fatal 
result. The root of A, ferox^ an Indian species, affords 
one of the Bikh poisons used in the Himalaya to poison 
arrows for tiger-shooting. 

2. Natural OnjSfr^Berberideae. The Barberry Family. 

Distribution. — Confined to the North and South 
temperate zones and intertropical mountains. But one 
species occurs in tropical Africa, and none in Australia. 
— One British genus, species i. 

Shrub. Stamens 6, anthers opening by valves. 

I 2 
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Type — Common Barbeny {Berberis vulgaris). 

A pale-green deciduous spinous shrub, with fascicled 
tmifoliolate leaves and racemose yellow flowers. (The 
only British species of the Family.) 



Organ 


No. 

6 

6 
6 

I 


Colwsion. 


Adhesioti. 


Calyx. 
sepals. 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


Polypetalous. 


Hypogynous. 

1 


Stamens. 


Hexandrous. 


Hypogynous. 


Pistil 
carpel. 


Monocarpellary. 


Superior. 


Seeds. : 

■ 


2 or 3, albuminous. 





The leaves of this Order belong to the compound 
type. In Berberis aqui/oliumy common in shrubberies, 
they are unequally pinnate, but in most of the species of 
Barberry the terminal leaflet only is developed, so that 
the leaf appears simple. An articulation in the short 
petiole betrays its true character. Several species of 
this Order, including one {Epimedium alpinum) occa- 
sionally found in wild places in England, but not native, 
are low herbs, with ternately divided leaves. 

Observe the spines on a vigorous shoot of Barberry, 
bearing fascicles of leaves (leafy branches with unde- 
veloped intemodes) in th^ir axils. If you trace these 
spines to the bottom of th^ shoot you will perceive that 
they pass into leaves, showing that the spines are leaves 
in an " arrested " condition : the trimerous arrangement 
of the parts of the flower, exceptional amongst Dicoty- 
ledons : the staniens opposite to the petals, because both 
stamens and petals are in 2 whorls of 3 each, the stamens 
' of the outer whorl alternating with the 3 petals of the 
inner whorl, consequently opposite to the 3 petals of the 
outer whorl ; the 3 inner stamens being in like manner 
opposite to the 3 inner petals: the irritability of the 
stamens; if touched at the base, on the inner side, with 
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a needle, they suddenly incline towards the pistil: the 
dehiscence of the anthers by valves. 

There is a prejudice amongst farmers that the Bar- 
berry causes wheat grown near to it to become blighted ; 
but the fungus which attacks the Barberry has been, 
until recently, regarded as belonging to a genus different 
from that which infests wheat^ and the prejudice con- 
sequently was supposed to be without any reasonable 
foundation. Observations, however, by Oersted and De 
Bary prove, notwithstanding the differences which have 
been regarded as generic between the two fungi, that they 
are merely alternating generations of one and the same 
species. The wood of Barberry, especially of the root, is 
of a deep yellow colour, and is used as a dye. The acid 
fruit, with sugar, is used in preserves and confections. 

3. NaUiral Order — Nymphaeaceae. The Water-lily 
Family. 

Distribution. — Widely dispersed in the waters of 
Tropical and Temperate regions of both hemispheres — 
British genera 2, species 2. 

Floating Plants. Petals and stamens indefinite. Carpels 
indefinite (spuriously coherent). 

Type — White Water-lily {Nymphcea ^Iba). 
An aquatic herb, with cordate floating leaves and large 
white solitarv flowers. 



Organ. ' 


No. 

4 

00 
00 

00 


Cohesion. 


1 
Adhesion. 


Calyx. 
sepals. 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


Polypetalous. 


Hypogynous. 

and Perigynou'5. 

1 


Stamens. 


Polyandrous. 


1 
Epigynous. 


Pistil. 
cat-pels. 


Apocarpous. 


Partially 
Inferior. 


Seeds. Indefinite, with a double albumen. 



liS NYMPH.«ACE^. (class 

Observe the wide air-cavities in the petioles and 
peduncles: the very graduil transiiion from sepals to 
petals, and from petals to stamens ; Ihe floral receptacle, 
which develops around, and adnate to, the carpels, so 
that they become united into a spuriously syocarpotis 



Flc 76.— Smmd Lotus {f^rlnmiium sftcismin). Much reduced. 

pistil, and the petals and stamens appear as though 
inserted upon the ovary : the rays of the stigma, usually 
16 to 19 (varying from 13 to 24), which are opposite to 
the cclla of the ovary, and not opposite to the dissepi- 
ments, consequently each ray of the stigma belongs to 
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one carpel, as in truly apocarpous pistils : the arrange- 
ment of the ovules, which are spread over the sides of 
the ovaries; the double albumen of the seeds. 

To the genus Nelumbium, with the carpels separately 
immersed in a large, obconical receptacle, belongs the 
Lotus (Fig. 76), regarded by the ancient Egvplians— as 



well as by the Chinese and Hindoos of the present day— 
as sacred. The flowers are represented in sculptures 
and paintings in the Egyptian catacombs, 

Victoria regia, a South American Water-lily, intro- 
duced into England in 1849, bears floating leaves, which 
have been measured 12 feet across, and flowers about 
I foot in diameter when expanded. 

♦ ♦ Pistil syncarpous. 

4. Natural Order — Papaveraceje. The Poppy Family. 

Distribution. — Excepting a few stragglers, con- 
fined to the North tejnperate zone. — British genera 5, 
species 9. 
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Herbs with milky or yellow juice. Flowers regular. Petals 4. 
Stamens indefiiiite. Placentas parietal. 

Type— The Field Poppy {Papaver rhceas). 
An annual herb, with milky juice, and showy solitary 
fugacious flowers. 



Organ, 


No. 

3 

4 
00 

00 


Cohesion. 


Adhesion. 


sepals. 


Polysepalous. 


Inferior. 


Corolla. 
petals, 1 


Polypetalous. 


Hypogynous. 


Stamens. 


Polyandrous. 


Hypogynous. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Indefinite, albuminous. 



As the sepals fall away before the crumpled petals 
expand, a bud should always accompany the specimen 
examined. Sepals falling away thus early are termed 
caducous, 

A deviation from this Type we find in Common Celan- 
dine (Chelidonium niajus)^ in which but 2 coherent 
carpels form the pistil. 

Observe the milky juice flowing freely from wounds 
in the Poppy. The Opium Poppy (Papaver somniferutn) 
is cultivated to a great extent in the East, especially in 
India, for the sake of this juice, which, when dry, be- 
comes brown, and forms the narcotic drug, opium. The 
well-known medicine, laudanum, and the poisonous 
alkaloid, morphia, are prepared from opium. The juice 
of the Poppy, used in opium-making, is collected from 
gashes made in the unripe pericarp. The juice of Com- 
mon Celandine is of a bright orange colour. 

Observe, also, a cross section of a large Poppy-head, 
such as druggists sell ; the placentation is parietal, as the 
infolded margins of the carpels are not united in the 
centre. The seeds are scattered over the sides of the 
projecting partial dissepiments, instead of being confined 
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to their inner edges, as is normally the case. A capsule 
is calculated to contain 32.000 seeds. An oil is obtained 
from the seeds, used sometimes to adulterate olive oil. 
Observe also the floral receptacle of the Californian 
genus, Eschscholtzia, a common garden annual, with 
orange flowers ; the receptacle grows up around the lower 
part of the ovary, without becoming adnate to it, forming 
a sheath to its base. The stamens and envelopes of the 
flower are carried up with it, and consequently become 
perigynous. 

Compare the relation of the rays of the stigma to the 
divisions of the ovary in the Poppy and the Water-lily. 
In the former the pistil is essentially syncarpous, and the 
carpels are coherent throughout, so that each ray of the 
stigma is immediately above, and opposite to, the partial 
dissepiments, and, like the dissepiments, double. 

5. Natural Order — Fumariaceae. The Fumitory 
Family. 

Distribution. — Widely dispersed in Temperate re- 
gions ; a few here and there m the Tropics. — British 
genera 2, species 3. 

Slender herbs with watery juice. Flowers irregular. Stamens 6, 

diade'phous. 

Type^Common Fumitory {Fufnaria officinalis): 
A delicate climbing annual herb, with much-divided 
leaves, and watery juice. 



Organ. 


No. 

1 
3 

4 
1 ^ 

2 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Polysepalous. 


Inferior. 


Core Ua. 
petals. 


Polypetalous. 


Hypogynous. 


Stamens. 


Diadelphoixs. 


Hypogynous. 


I^istil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Solitary, albuminous. 
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Observe the irregular corolla, one of the petals being 
gibbous at the base. In Dicentra^ common in cultivation, 
both of the outer opposite petals are similarly gibbous : 
the anther of the middle stamen of each bundle of three 
is 2-celled, of the lateral stamens i -celled. 

6. Natural Order — Cruciferae. The Crucifer Family. 

Distribution.— Represented in both hemispheres to 
the limits of vegetation, both in latitude and altitude ; by 
far most abundant, however, in Southern Europe and 
temperate Asia. Rare between the Tropics or absent 
excepting in mountainous regions.— British genera 28, 
species 66. 

Herbs. Sepals 4. Petals 4. Stamens tetradynamous. 

Type — Common Wallflower {Cheiranthus Cheiri,) 
An herbaceous plant, somewhat woody below, with 

alternate entire exstipulate leaves, and racemose ebract- 

eate flowers. 



1 

Organ. 


No. 
4 

4 

6 

2 


Cohesion. 


Adhesion. 


Calyx. 

sepals. 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


Polype talous. 


Hypogynous. 


Stamens. 


Tetradynamaiis. 


Hyp'^g^Ti^us. 


Pistil. 
carpels. 


Syncarpaus. 


Superior. 


Seeds. 


Severs 


l1, exalbu-ninous, f 


>arietal. 



Deviations from the Type in this very large Order are 
unimportant so far as the general aspect of the species is 
concerned ; depending principally upon modifications of 
the fruit and seeds. In some few species 2, in others 4 of 
the stamens are undeveloped. In one exotic species the 
stamens are numerous. They thus lose the typical tetra- 



FiS Ta.~Venic^ sta\<:a of a Ro»er of WaUfl.wcr. 

dynamous character, which is usually explained by sup- 
posing either the constant suppression of 2 short stamens 



of an outer whorl of 4, or, with greater probability, the 
collateral tission of 2 of the stamens of the apparently 
single whorl of 4. 
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Observe the spuriously lateral racemes of Lesser Wart- 
Cress {Senebiera <iidj/ma\ an exotic weed, introduced in 
waste ground in the 'South of England. The racemes 
are, as is usual in the Order, really terminal, but the 
axillary bud given off below each raceme soon overtops 
it : the axillary bulbels of Coral-wort {Dmtaria butbifera) : 
the spurious septum which usually divides the ovary of 
Crucifers into 2 cells, developed from the cellular tissue 
of the opposite parietal placentas, the lobes of the 
stigma being opposite to the placentaf. 

Compare the long capsule of Wallflower (a si/ifua) ; 
the short capsule of Shepherd's-purse (a silicitld) ; the 
siliqua of Radish, — ^an indehiscent and jointed lotnen- 
taceous siliqua ; and the 1-seeded fruit of Dyer's Woad 
{Jsatis Unctorid). 

Compare, with regard to the relation of the septum to 
the greater or smaller diameter of the fruit, Honesty 



Ffg. 8a.— Cap!ult<5;i:cula)oFShep- Fic. Sj.— Th* accumbtnt tiiil.tyi) 
herd-.-pm« (Cap^illaX shewing of WallAjwer. 

CSX valve rimoved, and the seeds 
allached by their pedicelt (futa- 

Ihe valves, sad wh^ch remains 
af ua ihey faU. 

(Lunaria) with a broad septum, and Shepherd's purse 
{Capsella) with a narrow septum : also the exalbuminous 
seeds of Wallflower, having the radicle curved over the 
edges of the cotyledons (accumbent) ; of Sisymbrium, 
with the radicle curved over the back of one of the coty- 
ledons {incumbent); of Radish, the same with the 
cotyledons folded ; and the often trifid cotyledons of 
Garden Cress (Lepidium sativum). ■■ 



I.] 



CRUCIFERi^. 



125 



All Crucifers are wholesome, and many are anti- 
scorbutic. Amongst those in household use are — Tur- 
nips, Radish (root); Kohl-rabbi (stem); Horse-radish 
(rhizome) ; Mustard, Cress, Cabbage, Water-cress, Sea- 
Kale (herbage) ; Cauliflower, Broccoli — both varieties of 
the Cabbage— (inflorescence) ; Mustard (seeds). 

Valuable oil is expressed from the seeds of Rape and 
Colza {Brassica campestris and its varieties). 

Woad, a blue dye obtained from Dyer's Woad, is 
stated to have been used by the ancient Britons to paint 
their persons. 

7. Natural Order — Resedaceas. The Mignonette 
Family. 

Distribution. — Chiefly confined to countries border- 
ing on the Mediterranean. Absent from America. — One 
British genus, species 3. 

Herbs. Petals 4-6, palmatifid. Stamens indefinite, upon 
a lateral disk. Placentas parietal. 

Type — Sweet Mignonette (Reseda odoratd). 

An herbaceous (garden) annual, with alternate entire 
or lobate exstipulate leaves, and terminal racemes of 
small slightly irregular flowers. 



Organ. 

Calyx. i 

sepals. \ 

1 


No 

4-6 

4-6 
00 

3 


Cohesion, 


Adhesion. 


Polysepalous. 


Inferior. 

1 


Corolla. j 
petals. 


■ Polypetalous. 


i 
Hypogynqus. 


Stamens. 


Polyandrous. 


Hypogjmous. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 



Seeds. Numerous, exalbuininous. 



Observe the multifid limb of the petals, attached to a 
broad claw : the stamens inserted into a unilateral hypo- 
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gynous disk : the parietal placentation : the pericarp 
opening at the apex before the seeds are ripe. 

Dyer's Mignonette or Weld (R. luteola) is cultivated 
for dyeing yellow. 

8. Natural Order— C'ista.ce3d, The Cistus Family. 

Distribution. — Chiefly confined to the Mediterranean 
region. A few occur in America. — One British genus, 
species 4. 

Annuals or wiry perennials. Leaves opposite. Flowers regular. 
Sepals 3 or 5 (2 small). Stamens indefinite. 

Type — Common Rockrose i^Helianthemum vulgare), 
A low woody perennial, with wiry stems and showy 
fugacious regular flowers. 



Organ. 


No. 
5 

5 
00 

3 


Cohesion. 


1 
Adhesion. 


Calyx. 
sepals. 

Corolla. 
petals. 


Polysepalous. 


Inferior. 


Pulypetalous. 


Hyp gynous. 


Stamens. 


Polyandrous. 


Hypr gynous. 


Pistil. 1 
carpels 


Syncarpous. 


Superior. 


Seeds. S 

1 


levera 


1, albuminous ; em 


bryo curved. 



There are 5 carpels in Cistus. Many species of Rock- 
rose are commonly cultivated in shrubberies and oa 
rock-work. 

9. Natural Order— WoXds:^?^, The Violet Family. 

Distribution.— Widely spread through both hemi- 
spheres, the woody species being chiefly confined to the 
Tropics and South temperate zone. — One British genus, 
species 5 — 6. 

Herbs. Leaves alternate. Flowers irregular. Stamens 5, 

connective produced above the anther-cells. 

Placentas 3, parietal. 

Type — Sweet Violet ( Viola odoratd). 
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An herbaceous perennial, with stipulate alternate or 
radical leaves, and pedunculate bracteolate irregular 
flowers. 



Organ. 

Calyx. 
sepals. 


1 

No. 


Cohesion. 


Adhesion. 


i 
5 

5 
5 

1 
! 3 


Polysepaluus. 


Inferior 


Corolla. 
petals. 

Stamens. 


Polypetaljus. 


HypDgynous. 


Pentandrous. 


Hypogynous. 


Pist:i. 
carpels. 


Syncarpous. 


Superior. 


1 
Seeds. Indefinite, albuminous (parietal). 

ft 



Observe the spur of the larger and lower (anterior) 
petal, sheathing two narrow dorsal appendices from the 
base of the connective of the two anterior anthers : the 
small, almost apetalous, closed (hence called cleistoga- 
mous) flowers, which appear after the petaloid large 
flowers, in May or June, and which, self-fertilized, bear 
fruits with numerous seeds : the dehiscence of the i -celled 




Fic. 84. —Transverse section of the i-celled ovary of Violet, 
showing 8 parietal placentas. 



fruit, which separates into 3 valves by the dorsal sutures 
of the carpels {loculicidal dehiscence), each valve bearing 
a (parietal) row of seeds. 

Besides Sweet Violet, the Pansy, derived from V. 
tricolor and V. altaica, is very common in gardens. An 
infusion of the petals of the Violet is a delicate test for 
acids and alkalies 
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lo. Natural Order — Caryophyllaceae. The Pink 
Family. 

Distribution. — Represented in both hemispheres 
from the Arctic zone to the Equator, though rare between 
the Tropics, and chiefly confined to great elevations. 
Most numerous in Europe and temperate Asia. — British 
genera 14, species 45. 

Herbs. Leaves opposite. Flowers regular. Stamens definite. 

Placenta firee-central. 

Type — Bladder Campion (Silene inflata). 
An herbaceous perennial, with ascending stems, oppo- 
site entire leaves, definite dichotomous inflorescence, and 
regular flowers. 



Organ. 


No. 

1 
5 

5 

10 

3 


Cohesion. 


♦ Adhesion, 


Calyx. 
sepals. 


Gamosepalous. 


Inferior. 


Corolla. 
Petals. 


Pol3rpetalous. 


Hypogynaus. 


Stamens. 


Decandrous. 


Hypogynous. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Indefinite, albuminous, embryo curved. 



Observe the free central placenta, characteristic of 
the Order. Inside and at the base of the ovary traces of 




Fig. 85. — ^ThiQsverse section of an ovary, shuwing free central 

placentati jU. 

arrested dissepiments may be found, indicating that the 
placenta results from the axile cohesion of the carpels. 
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Observe, also, the somewhat berried fruit of Cucubalus. 
A capsule is the characteristic form of fruit in the Order. 

Several species of the Order are common in gardens, 
as Oove-pinks, Piccotees, and Carnations, derived from 
DioHthus Caryophyllus (from the specific name of which 
species the name of the Natural Order is derived), Sweet 
William (D. barbatus). Pinks (various species of Dian- 
thus), species of Lychnis, and Soapwort (Saponaria). 
The last-named and some others of the Family contain 
a considerable quantity of carbonate of soda or of potash, 
and may be used in washing linen ; hence the name 
" Soapwort." 

Tufts of a Sandwort {Ar^naria) are in the Kew 
Museum, brought from an elevation of 14,000 to 18,000 
feet in the Himalaya, by Drs. Hooker and Thomson. 

II. Natural O^rf^r— Hypericine^e. The St. John's- 
wort Family. 

Distribution.— Dispersed through tropical and tem- 
perate regions of both hemispheres.— One British genus, 

Sepals 



ow«ofHyp«icunii 

s-wort {Hyperii 



HYPERICINE^. 






A perenoial erect herb, with opposite entire glandular- 
dotted leaves, and terminal cymose yellow regular flowers. 



.o^«. 


'.Vfl. 


Cfl*«w-. 


Ad*tiim. 




; J 




Inferior. 


Co«lli 






Hjrpogynom. 


St«D«». 


1 - 


Polyadelphous. 


Hypogynous. 






SyoBiiK™. 


Superi«. 


S.^. I„d.6«...«.,U™ino«. 1 



Observe the immersed glands of the leaves, appearing 

like translacent dots when held up to the light : the 
dark " glands " on the sepals and petals : the unequal- 
sided petals. 
Hypericum is the only British genus with polyadelph- 
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A Natural Order (not Eurapean) illied to the Hypericums — 
Ternslromiaceas— includes the Tea shrub (7»bi chimnsis), the 
riried leaves of which we import as " Tea " in enormous quanti- 
ties from China and, of late years, from India. The original 
culture of tea was confined to China, where it has been in use 
from remote antiquity ; tradition repiesenting it as having been 
introduced to human notice in fabulous times by s monkey. It 
is not, however, known in the wild state in China, though it is 
found native in the jungles of North-Easlem India. From the 



Fic 90.— Tea shrub (TAta cki«i}isls\ Rtductd. 

cultivated native Indian variety, and from Chinese plants intro- 
duced into India, large quantities of Tea are now prepared. 
The total import of Tea mlo the United Kingdom in 1877 ex- 
ceeded 186,000,000 lbs., isi,ooo,ooolb5. being entered for home 
use. In tlie year 1666 Tea was sold in England at 6or. per 
pound. 

Black and peen Tea may be prepared from any of (he varie- 
ties of the Tea plant by peculiar methods of drying ; ibe leaves 
which are intended for green Tea being dried more rapidly than 
those destined for black. Inferior kinds of green are artificially 
coloured, " Brick Tea," used in Central Asia, is made from 
common kinds and refuse, mixed with bulloclts' bloodj pressed 
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and dried in moulds. "When used, it is boiled with salt, butter, 
&c. Brick tea has lately been sold in the London market for 
re-exportation to Russia. 

To the same Natural Order belong also the favourite Camellias 
of our plant-houses, evergreen shrubs introduced from Japan. 
The genus Camellia is confined to Eastern and Southern Asia. 
It is so nearly allied to Thea as scarcely to merit generic separa- 
ation. The species are prone to the substitution of petals for 
stamens in their flowers : hence the Camellia is rarely seen with 
single flowers. 

12. Natural Order— Wxvas:t^. The Flax Family. 

Slender herbs. Flowers regular. Sepals imbricate. Stamens 

definite. Placentas axile. 

Distribution.-:- Scattered through the Tropics, and 
North temperate zone of both hemispheres. — British 
genera 2, species 5. 

Type — Common Flax {Linum usitaitssinium). 

An erect tall and slender annual herb, with narrow 
alternate leaves, and conspicuous blue regular flowers. 



Organ. 


1 
No. 

5 

5 
5 

s 


Cohesion. 


Adhesion. 


Calyx. 

sepals. 


Polysepalous. 


Inferior. 


Corolla, 
Petals. 


Polypetalous. 


Hypjg^ynous. 

* 


Stamens. 


Pentandrous. 


HypogynDus. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. In pairs in each cell, exalbuminous. 



Observe an inner whorl of five stamens imperfectly 
developed, indicated by short filaments without anthers. 
In some exotic allies the stamens are decandrous from 
the inner five becoming antheriferous. Across section of 
the ovary exhibits, apparently, ten cells. There are really 
five, each of which becomes more or less " spuriously " 
divided hy the infolding of the dorsal suture of each 



I.] LINAGE.^. 133 

carpel. Note, also, the tendency to a dimorphic con- 
dition in some species of Flax, manifest in the different 
relative lengths of stamens and pistil in different indi- 
viduals of the same species ; a natural contrivance to 
favour the crossing of the flowers by insect agency. 

The words line, linen, linseed, lint, and the Latin word 
Linunty are said to be derived from the Celtic word ///;/, 
thread. Flax has been cultivated from time immemorable 
for the sake of the fibre from which linen is prepared, 
afforded by its liber-layer. All the cloth of the ancient 
Egyptians left to us in their tombs is of Flax. At present, 
besides its cultivation to a considerable extent in Great 
Britain, especially in Ireland, it is largely grown in 
Russia, Prussia, Belgium, and the north of France. In 
1877 upwards of 2,200,000 cwts. of Flax and Tow, or 
Codilla of Flax, were imported into the United Kingdom. 

Compare, under the microscope, the Fibres of Flax 
with Cotton. Flax consist of long, thick-walled liber- 
cells, resembling jointed cylindrical rods. Fibres of 
linen from Egyptian mummies may also be compared 
with fibres of cotton cloth from the Peruvian tombs. 
(See page 135). 

The seeds of the Flax plant, called Linseed, are very 
largely imported for the expression of the valuable " Lin- 
seed oil " which they contain. The refuse of the seeds, after 
the oil is expressed, is made into Linseed-cake or " Oil- 
cake," used to feed cattle. More than 1,700,000 quarters of 
Linseed were imported in 1877. 



13. Natural Order — Malvaceae. The Mallow Family. 

Distribution, — A widely diffused Natural Order; 
most abundant in tropical and sub- tropical regions. — 
British genera 3, species 6. 

Plerbs. Flowers regular. Sepals valvate. Stamens indefinite, 

monadelphous. 

Type — Common Mallow {Malva sylvestris). 

A biennial herb, with simple alternate stipulate rotun- 
date leaves, and axillary fascicles of regular purplish 
flowers. 



MALVACE.t. 



Or,.n. 


N.,. CKhe^on. 


AHk..i^. 


Ji^i,: 


Gam.Kpsbiis. 


Infehoi 


ftittit. 


1 Po1yp.Ul™». 1 la».Hd og 


S<am«u. 




PiMiL 


Syncarpoua. | Suptrioi, 


Seeds. SolituymuchctU alhumliiQua. 



Observe the 3 bracts closeij- applied to the calyx, 
forming an involucre, sometimes called an epicalyx: the 
valvate aestivation of the lobes of the calyx, and imbricated 
{contorted) aestivation of the corolla : the slight adhesion 
of the petals to the stamen-tube at its base : ihe i-celled 
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. unusual condition) but characteristic of 




S.— Embrro of Fic, 94.— Singk sM- 

w, wkli fetdFd men of same, with 

colylcdoDi. i-eelled uiiher. 

Plants of this Natural Order are destitute of noxious 
properties ; many are mucilaginous, and the liber affords 
a useful fibre. The species of pre-eminent importance 
for textile purposes are the cotton-producing plants, 
belonging to the exotic genus Gossypium. 

Cotton consists, not as flax of fibres of liber, but of the 
delicate, long, tbin-walled hairs which clothe the seeds. 
These hairs when dry become flattened and twisted. The 
commercial value of Cotton depends upon the length and 
tenacity of these hair-cells. Lamp-oil is obtained from 
the seeds, and the refuse is made up into oil-cake for 
cattle-feeding. 



VALVACti 



Flo 96-CDiioo(Cou^A'""A"*aa*«<'X Reduced. 

which upwards of eight millions were imported from the 

U nited States, and nearly one million and three-quarters 
(tom British India, 

14. /Jaturai Orafer— Tiliacex. The Lime FamUy. 

UiSTKIBUTi ON.— Restricted to tte Tropics of both 
hemispheres, with comparatively few representatives in 
the North temperate lone.— One British genus, species I. 

Troci. Lenvn alternate. Sepals valvaie. Stamens bdcfinite. 

'iVpe— Common Lime {Tilia europad). 
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A large deciduous tree, with alternate obliquely cordate 
leaves, and peduncles adnate to leafy bracts. 



Organ. 


No. 

5 

5 
00 

5 


Cohesion, 


Adhesion. ^ 


Calyx. 
sefials. 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


Polypetalous. 


Hypogynous. 


Stamens. 


Polyandrous. 


Hypogynous. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. x or 2, albuminous. 



Observe the obliquity of the base of the leaf-blade, 
characteristic of the Lime. The same kind of obliquity, 
though usually much more decided, obtains in nearly all 
the species of a small, herbaceous, exotic Natural Order, 
in no way allied to the Limes — the Begoniaceae — many 
species of which are favourites in plant-houses from the 
beauty of their variegated leaves. Observe also, the 
bract of the Lime, adnate to the peduncle. In the axil 
of the leaves bearing the peduncles may be seen a small 
resting-bud, which grows out into a leafy branch in the 
following season. 

Bast or Russia-matting is the liber of the Lime, torn 
into strips and coarsely plaited. It is principally im- 
ported from Russia. Jute is a valuable Indian fibre 
afforded by a species of Corchorus, It is obtained of 
great length and possesses a satiny lustre. In India it is 
used for making rice and sugar bags, called Gunny-bags. 



An allied Family (not British), Byttneriaceae, affords Cocoa, 
which is prepared from the seeds of l^obroma Cacao, grown in 
Trinidad, the northern provinces of South America, and Brazil. 
The seeds are contained, closely packed, in a pericarp 4 in. to 6 
in. long, and 2 in. or 3 in. in diameter. They are dried, roasted, 
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1$. Natural Orafer— Gerapiaceae. The Crane's-lHH 

Family. 

Distribution.— Temperate and sub-tropical regions 
of both hemispheres ; two genera being largely developed 
at the Cape of Good Hope. — British genera 4, species 19. 

Kerbs. Flowers regular or irregular. Stamens definite, free 

or monaS el pilous. Placentas axile. 

Type— Meadow Crane's-bill ifieranium praltnse). 



I.] 



GERANIACEiE. 



139 



A perennial herb, with multipartite stipulate leaves, blue 
pedunculate regular flowers, and beaked fruit?s. 



Or^ten. 


No. 
5 

5 
10 

5 


Cohesion. 


Adhesion. 


Calyx. 

sepals. 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


Polypefatous. 


Hypogynous. 


Stamens. 


Monadelphous. 


Hypogynous. 


PistiL 
carpels. 


Syncarpous. 


Superior. 


Seeds. Two in each carpel, embryo with folded 

cotyledons. 



Observe 5 stamens alternately shorter than the rest ; 
in the allied genus Erodium (Stork*s-bill) these are with- 
out anthers : the beak-like prolongation of the consoli- 
dated apices of the carpels. After 'flowering, this beak 
grows out to a length sometimes of 2 or 3 inches. 

Compare the slightly irregular flower of a Garden 
Geranium {Pelargonium) with the irregular flower of 
Indian Cress {Tropceolum majus). In both the calyx is 
spurred, the spur being free in the latter and adnate to 
the pedicel in the former ; as may be seen on making a 
cross-section of the pedicel, immediately under the flower. 

Cultivated varieties of two or three species of Cape 
Pelargonium are universal^favourites, as are also Indian 
Cress (Tropaolum majus) called Garden Nasturtium (but 
not to be confounded with true Nasturtium^ the Water- 
cress, belonging to the Crucifers) and the Canary-flower 
{T. peregrinum). 

Wood-sorrel {Oralis Acetosella)^ with compound trifo- 
liolate leaves, belongs to the same Natural Order. It 
aflbrds an example of remarkable dimorphism in the 
flowers, similar to that presented by Sweet Violet (page 

127). 
Some species, as Pelargonium triste and Oralis tuber-- 

osa^ have tuberous roots, which are used as food. 
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i6. Natural Order — Polygalaceae. The Milkwort 
Family. 

Distribution. — Temperate and tropical regions in 
both hemispheres. One British genus, species 2. 

Herbs. Flowers irregular. Stamens 8, monadelphous. 

Type — Common Milkwort (Polygala vulgaris), 
A low wiry perennial herb, with alternate entire leaves, 
and racemose irregular flowers. 



Organ. 


No. 
5 

3 

8 

2i 


Cohesion. 


Adhesion. 


Calyx. 

sepals.^ 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


Polypetalous. 


Inserted on 
stamens. 


Stamens. 


Monadelphous. 


Hypogynous. 


Pistil 
carpels. 


Syncarpous. 


Superior. 


Seeds. One in each cell, albuminous. 



Observe the two large lateral inner sepals, called 
wings y which persist and inclose the fruit : the cohesion 
of the filaments and their adhesion to the petals, so that 
the latter appear to form a gamopetalous corolla : the 
I -celled anthers, dehiscing by pores : the membranous 
hood of the stigma, apparently designed to insure self- 
fertilization. Actual fertilization, however, takes place 
through the agency of bees, which thrust their probosces 
down to the honey -gland at the base of the flower, and on 
their withdrawal leave pollen, which they may have im- 
ported, upon the short projecting stigmatic hook in front 
of the spoon-shaped hood. 



17. Natural Order — Acerinese. The Maple Family (a 
Tribe of the Tropical Order Sapindaceae). 
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Distribution.— Chiefly restricted to the North tem- 
perate zone of both hemispheres. — One British genus, 
species 2. 

Trees. Leaves opposite. Stamens definite. 

Type — Common Maple (Acer campestre), 
A dark-green deciduous tree, with opposite 5-lobed 
leaves, and loose corymbose flowers. 



Organ. 


No. 


Cohesion 


Adhesion. 


Calyx. 
sepals 


5(4—9) 


Polysepalous. 


Inferior. 


Corolla. 
petals. 


5(4-9) 


Polypetalous. 


Hypogfynous. 


Stamens 


8 (5-12) 


Octandrous. 


Hypogynous. 


Pistil. 
carpels. 


» 


Syncarpous. 


Superior. 


Seeds. Solitary or in pairs, exalbununous. 



The number of parts in the floral whorls is variable. 

Observe the large hypogynous di^k, and the winged 
fruit, called a samara. 

Some species of Maple abound in a sweet juice, which 
is collected from the North American Sugar Maple {A, 
saccharinum)y and boiled down into Maple sugar. The 
sap is obtained in spring by tapping the tree to a depth 
of about half an inch, and inserting a tube. The sap 
flows for six weeks at from two to three gallons per day. 
Good Maples yield an average of four pounds of sugar 
each season. 

The soft white wood of the Sycamore is used for 
trenchers, bowls, &c. Maples are often incorrectly called 
Plane Trees. 

The Horse Chestnut {Msculus) is an Asiatic tree, com- 
monly planted in England for shade, belonging to another 
tribe of the Natural Order Sapindaceae. 

Observe the stmcture of the embryo of the exalbumin- 
ous seed of Horse Chestnut, the cotyledons being more 
or less connate, so that the seed looks as though it were 
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acotyledonous. Compare also the seed of Horse Chestnut 
with the fruit of the Sweet Chestnut {Castanea), They 
resemble each other closely at first sight, but the coat of 
the latter is a perianth, adherent to an inferior ovary. 
The bitter flavour of Horse Chestnut seeds is said to be 
corrected by adding one or two per cent, of carbonate of 
soda to the ground meal, and washing it until it becomes 
white. From loo lbs. of the Chestnuts 60 lbs. of meal or 
flour may be obtained. 

Division, Calyciflorae. 

1 8. Natural 6^r//i?r— Celastraceae. The Celastrus Family. 

Distribution. — Dispersed throughout the tropical and 
temperate zones. — One British genus, species i. 

Type — Common Spindle tree {Euonymus europceus), 
A deciduous glabrous shrub, with opposite undivided 
leaves, and small yellowish-green cymose flowers. (The 
only British species.) 



Of^gan. 


No. 
4(5) 

4(5) 
4(5) 

4 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gamosepalous, 


Inferior, 


Corolla. 
petals. 


Polypetalous. 


Perigynous. 


Stamens. 


• Te tran droits. 


Pengynous. 


Pistil. 
tarpels. \ 


Syncarpous. 


Superior. 


Seeds. Solitary in each cell, albuminous. 



Observe the bright orange-coloured arillus, covering 
the seed. The arillus is a cellular investment growing 
more or less over the seed as it matures, either from the 
funicU (the pedicel by which the ovule is attached to the 
placenta) or from the micropyle. In the Nutmeg fruit 
we have another good example of the arillus in the mace 
which closely invests the crustaceous testa enclosing the 
" Nutmeg." The Nutmeg is farther remarkable from its 
interrupted, marbled albumen ; such albumen is termed 
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ruminated: the minute embryo is at one extremity of the 
seed. 

Charcoal is prepared from the wood of the Spindle-tree, 
for the use of artists. 

19. Natural Order — Aquifoliaceae. The Holly Family. 

Distribution. — Most numerous on the mountain 
slopes of South America, with re^Jresentatives in the 
Tropics and Temperate Zone of the Old World. But 
one species in tropical Africa and Australia respectively. 
— One British genus, species i. 

Type — Common Holly {Ilex Aquifolium), 
A much-branched evergreen tree, with alternate cori- 
aceous shining prickly leaves, and small white clustered 
axillary flowers. (The only British species of the Family.) 



Orfran. 


No. 
4 

4 
4 

4 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gamosepalous. 


Inferior. 


Corolla. 
petals. 


Gamo- or poly- 
pe talous. 


Perigynous. 


Stamens. 


Tetrandrous. 


Perigynous or 
Epipe talous. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. One in each bony cell, albuminous. 



The white wood of the Holly is used in Tunbridge 
marquetry ware as the base into which patterns are 
inlaia. Birdlime is prepared from the bark. 

The leaves of a South American Holly (/. Paraguay- 
ensis) are extensively used as tea, under the name of 
Mat^ or Paraguay tea. 

20. Natural Order — Rhamnaceae. The Buckthorn 
Family. 

Distribution. — Tropic and temperate zone in both 
hemispheres. — One British genus, species 2. 
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Shrubs. Stamens definite, opposite to the petals. 

Type — Alder Buckthorn {Rhamnus Frangula), 
A deciduous nearly glabrous shrub, with alternate un- 
divided leaves, and inconspicuous axillary flowers. 



Organ.. 

Calyx. 
sepals. 


No. 

• 

5(4) 
5(4) 


Cohesion. 


Adhesion. 


Gamosepalous. 


Inferior. 


Corolla. 
petals. 


Polypetalous. 


Perigynous. 


Stamens. 


5(4) 


Pentandrous. 


Perig>'nous. 


Pistil. 
carpels. 


3-5 


Syccarpous. 


Superior. 


Seeds. One in each cell, albuminous. 



Compare the flowers of Buckthorn and Spindle- tree. 
In the former the stamens are opposite to the petals, in 
the latter alternate with them. The number of parts in 
the floral whorls is apt to vary. 

The unripe berries of Common Buckthorn {R. cathar- 
ticus) afford a yellow dye ; when ripe, they yield (with 
alum) " sap-green." " French-berries " are procured from 
R infectorius. The drupes of exotic species of Zizyphus 
are wholesome, and are known as " jujubes." The fruit 
of Z. Lotus of North Africa is stated to have been eaten 
by an ancient race, called on that account Lotophagi. 
The wood of Rhamnus Frangula yields a charcoal used 
for the finer kinds of gimpowder. 

21. Natural Order — Leguminosae. The Leguminous 
Family. 

Distribution. — Avery large Natural Order, numerous 
in every quarter of the globe. The extra-European Tribes, 
Caesalpiniese and Mimoseae, are chiefly tropical. — British 
genera 18, species 69. 

Shrubs or herbs. Flowers papilionaceous. Stamens 10, mon- 
adelphous or diadelphous. (As to the British species.) 
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This very large and important Order requires illustra- 
tion by two Types ; one to represent the genera with 
irregular flowers and imbricate petals, the other those with 
regular flowers and vaJvate petals. The former only are 
represented in Britain. They are grouped under the 
Tribe Papilionacea — the Pea-flower Tribe, of which we 
may take as 

Type— Garden Pea {Pisum saHviim), 

A weak climbing annual herb, with alternate stipulate 
compound leaves endingin tendrils, and irregular (papil- 
\ts) flowers. 



Oria.. 


N.. 


CMf«™. 


,4rffc.iM. 


Calyx. 


5 


G.ao«pabus. 


lar™>r. 


Corolla. 


5 


Polype laku!. 


P^igynous. 


Stamps. 


-- 


Diadtlphius. 


Ptrigynous. 


Pistil. 


MoDOcanJelWy. 


s.,.»«. 





Observe the relation of the petals of the irregular 
corolla to each other. There is a lai^e upper petal which 
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embraces the others in festivLition : this is the standard. 
Two latefal petals are called the wings, and two, more or 



less united by their lower margins, form the keel, which 
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encloses the stamens. From a fancied resemblance to a 
butterfly, this form of corolla has been called papilio- 
naceous. In the Tribe Caesalpinieae, not represented in 
Britain, the upper petal is inside in the bud. 





^^ 



Fig. 102. — Petals of Bean : a standard {vexiilum), bb wings (rt^), 
c coherent petals of keel {farina). 




Fig. 103. — Diadelphous stamens of Pea. 




Fig. 104. — Monadelphous stamens of Broom. 



Observe, also, the spinose branches, leaves reduced to 
thorns, and bipartite calyx of Common Furze ( Ulex euro- 

L 2 
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pans) : leafy stipules substituting true leaves in' Yellow 
Pea {Lathyrus Aphaca) : petals often adhering by their 
claws to the stameas in QlovQr {Trifolium) : the peduncles 
of Subterranean Clover (7". subterraneum), which curve 
to>vards the ground after flowering, emitting short fibres. 
• In Earth-nut {Arcuhis hypogcea) the fruit is ripened 
underground. 

Compare the stamens of Pea [diadelphous] ; Broom 
(Sarothamnus) or Furze ( Ulex) [monadelphous] ; and 
Judas-tree (Cercis) [free and decandrous]. Compare also 
the fruits (legumes) of Pea ; Medick {Medicaid) [spirally 
twisted] ; Astragalus [partially 2-celled by mfolding of 
the dorsal suture] ; Bird's-foot {Omithopus) [indehiscent 
and jointed called a loment'] ; Cassia fistula [indehiscent, 
with numerous spurious tranverse dissepiments developed 
from the endocarp] ; Tonquin Bean (Diptetyx) [inde- 
hiscent and drupaceous] ; Pterocarpus [winged, i -seeded 
and indehiscent]. 

The Natural Order derives its name I^guminoscB from 
the characteristic form of its fruit, called a legume. The 
legume is normally monocarpellary (of i -carpel), dry and 
dehiscent by both sutures (ventral and dorsal), but the 
examples just given show that the typical form of fruit is 
departed from in certain genera. 




Fig. 105. — Fruit {legume) of Garden Pea. 



But a few of the numerous species serviceable to man 
can be noticed here. 

Of Timber trees, the more important are the well- 
known cabinet Rosewoods (South American species of 
DalbergicL) and the Locust-tree {HymencecC) of tropical 
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South America, the latter affording a very tough and 
close-grained wood. The heart-wood of the Laburnum is 
coloured dark brown, contrasting with the pale sap-wood. 
West Indian Ebony {Brya) and the streaked wood of 
the Tamarind {Tamarindus) are used in cabinetwork. 

Of Dyes \ve have Indigo, obtained by decomposing 
several species of Indigo/era in water. The colouring 
matter settles to the bottom, is dried and cut up into 
cakes. 60,000 hundredweights of this important dye 
were imported in 1877. Red Sanders-wood {Ptero carpus 
santalinus\ a. reddish-brown dye, used for woollen cloths ; 
Logwood {Hcematoxylon campechianum), one of the best 
deep red and black dyes, imported from Central America 
and the West Indies, in 1869, to the extent of 50,000 tons ; 
Sappan-wood {Ccesalpinia Sappan) ; Brazil-wood (Ccesal- 
pinia)\ Cam- wood (-^<z/A/Vz), used for Bandana handker- 
chiefs. 

Of Gums, Resins, &c. — Tragacanth, a viscid gum 
which exudes from species of Astragalus in Asia Minor, 
due to an altered condition cf the cellular tissue of the 
stem ; Balsam of Peru {Myrospermum Pereirce)^ used in 
medicine ; Copal, used in varnishes— the species affording 
it are not well determined. 

Spanish juice is the sweet extract of Liquorice-root 
{Glycyrrhiza glabra and G. echinata), evaporated to dry- 
ness ; and Tamarinds, as imported, are the pulp of the 
fruit of Tamarindus, preserved in syrup. 

Of Food plants we have the Pea \Pisum) ; Bean ( Vicia 
faba)\ Lentils {Ervum), cultivated by ancient nations ; 
French beans {Phaseolus vulgaris) ; Scarlet runner {P. cec- 
cineus)Gr2iTa (Cicer arietinuin)\ and Ground-nuts {Arackis 
hypogcea) ; the last widely grown in warm countries. The 
seeds of some species are very poisonous. Those of the 
Laburnum have proved fatal to children. The Ordeal 
Beans of West Africa are the seeds of Physostigma vene- 
natum. The seeds oi Abrus precatorius, called "Crabs'- 
eyes,*' are strung together for necklaces. They are nearly 
uniformly one grain each, and are used in India by 
druggists and jewellers as weights. The seed of the 
Carob {Ceratonia) is the original of the carat of jewellers. 
The legumes, which contain much sweet pulp, are im- 
ported for cattle-feeding. 
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As type of the Tribe Mimoseae, principally tropical and 
Australian, we may employ 

Broad-winged Acacia {Acacia i>Iatyptera), 

It differs from the Pea-flower type in its regular corolla 
with valvate aestivation, and numerous stamens. 

In a large number of Australian species of Acacia the 
leaves are reduced to phyllodes : the blade of the leaf, 
which is developed in some of the species, is usually very 
much divided. 

Some species of Mimosa (especially M. pudicd) are re- 
markable for the great degree of " irritability " exhibited 
by the leaflets when touched or shaken. This irritability 
is but an extreme case of a condition (called "sleep") 
common to many Leguminosae, the leaves of which fold 
together in the evening, and remain closed until the next 
morning. 

Gum Arabic is afforded by African species of Acacia, 
It was formerly brought from Arabia or Egypt, but is 
now chiefly imported from West Africa. Catechu, an- 
astringent used by tanners, is obtained by boiling the 
heart-wood of ^. catechu^ an East Indian tree. 

The tree called Acacia, commonly planted in England, 
does not belong to the genus Acacia. It is a North 
American Robiiiia^ and belongs to the Pea-flower tribe. 



22. Natural Order— Rosacea, The Rose Family. 

DiSTRiBunoN. — Widely dispersed throughout both 
hemispheres, though specially affecting the North Tem- 
perate Zone. — British genera i7> species 43. 

Shrubs or herbs. Flowers regular. Stamens indefinite (usually 
4 in Alckemilia and Sanguisorbd). Pistil apocarpous (spuri- 
ously syncarpous when the ovary is adherent). 

Type — Blackberry or Bramble {Rubus fruticosus), 
A trailing prickly shrub, with stipulate digitate leaves, 
and panicled regular flowers. 



O-gan. 


jV*. 


CilutioH 
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s.-. 


Soliiary in Moh c=T>el. 





The deviations from this type are so important that 
some botanists divide the Order into four distinct Orders. 
These it is now usual to regard as Tribes of one Order. 
The four Tribes are :— 

Rosea. Blackberry (Fubus) as type. 

Drupasta. Cherry {Pruiins) as type, with a solitary 

Pomacea, Apple {Pyrus) as type, with the "calyx- 
tube" adnate to the ovary. 

Sanguisoi bea, Burnet {Satiguisorba officinalis) as type, 
with monochlamydeous, sometimes unisexual, flowers : the 
calyx-tube investing the achene, but not adherent to it- 
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The species of this Order agree in their perigynous 
stamens, which are usually indefinLCe; the polypetalous 
corolla (absent in SanguisorbeEe), prone to become 
"double" at the expense of the stamens, as in the 
Ranunculus Family j and the essentially apocarpous 
fruit In Pomacese, represented by ,the Apple, the fruit 
is inferior and apparently syncarpous ; but if it be cut 
across it will be seen that the carpels scarcely cohere to 
each other, though immersed in, and bound together 
by, the succulent enlargement of the so-called calyx-tube. 
It is therefore spuriously syncarpous. 

Observe the passage of branches into spines in the 
Hawthorn {Cratagus) and Blackthorn {Prunus): the 
prickles of Rose and Blackberry ; the epicalyx of Black- 
terry, Strawberry {Fragarid), and some other Rosese, 



resembling an outer row of sepals : the definite s 

of Lady's Mantle {Alchemilla) and Bumet, the former 

with i-celled anthers. 

Compare the number of carpels and form of fniit in 
Cherry [i carpel, fruit a drupe\; Lady's mantle [i carpel. 
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fruit an achene enclosed by the free calyx-tube] ; Straw- 
berry [indefinite achenes upon a succulent rounded 
receptacle] ; Blackberry and Raspberry [numerous 
drupels\\ Meadow Sweet [several, about s^w^n, follicles\\ 
Rose [numerous free achenes enclosed in a concave suc- 
culent calyxrtube or receptacle] ; and Apple [5 bony 
carpels adnate to the calyx-tube]. 

The Natural Order Rosaceae furnishes our most 
valuable orchard trees, as well as many of our most 
beautiful garden flowers. 

Species affording useful fruits are Apple, Pear \Pyrus) ; 
Quince {Cydonid)\ Medlar {Mespilus); Almond, Peach, 
Nectarine (Amygdalus) ; Cherry, Apricot, Plum (Prunus) ; 
Loquat (Eriobotryd) ; Strawberry (Fragarid) \ Raspberry 
and Blackberry (Rubus), 

Some of the Order, as Almond, Peach, and the species 
of Prunus, contain prussic acid, the vapour of which, 
given off from a crushed leaf of Garden Laurel {P, lauro- 
cerasus) under an inverted tumbler, will soon destroy the 
life of an insect. Owing to the presence of this acid, the 
Oil of Bitter Almonds is a virulent poison. 

From the petals of sweet-scented species of Rose the 
Attar or Otto of Rose is obtained. 100,000 Rose-flowers 
are said to be required to yield three drachms of the 
pure Attar.* It is consequently very costly, and is com- 
monly adulterated with an Indian Grass Oil. 

Mossy galls, called Rose Bedeguars or * Robin Red- 
breast's Pincushions,' are frequent upon the Dog Rose 
{Rosa ccmind) in autumn, produced by the puncture of 
species of Cynips. If kept ui\til the following spring, the 
young Cynips will be produced, also species of Ichneumon^ 
which prey upon the Cynips. 

The fruit-bearing species in cultivation afi&rd a good 
opportunity of observing the different modes and effects 
of grafting. To secure the success of a graft it is essen- 
tial that the cambium-layers of the graft and stock should 
be in contact, and the cut surface protected from evapora- 
tion. A section through an old graft shows, notwith- 
standing the complete union of the tissues of the graft 

* From 28 to 40 lbs. of the petals in dry weather, or about 
half the quantity when moist, yield i drachm of Attar. 



154 



ROSACE^E. 



[cr.Ass 



and stock, that each retains the peculiar character of its 
own wood. This is particularly striking when the woods 
are of different colours or shades of colour, as when the 
Peach is grafted upon a Plum stock. 

Bear in mind that the Garden Laurel, with large, 
shining leaves, and the Portugal Laurel, both very 
common garden shrubs, are species of PrunuSy and have 
nothing to do with the true (Victor's) Laurel, belonging 
to the exotic Order Lauraceae, a Family of Mono- 
chlamydeae, with the anthers dehiscing by valves, like 
those of the Barberry. 

23. Natural Order — Onagrraceae. The (Enothera 
Family. 

Distribution. — Temperate Zone ofboth hemispheres; 
less numerous between the Tropics. — British genera 4, 
species 13. 

Herbs. Stamens 2, 4, or 8. Ovary inferior. 

Type — Willow-herb (Epilobium Kirsutum), 
A tall perennial herb, with clasping lanceolate un- 
divided leaves and rose-coloured regular flowers. 



Organ. 


No. 

I 4 

4 
8 

4 


Cohesion. 


Adhesion. 


Calyx. 
sePals. 


Gamosepalous. 


Superior. 


Corolla. 
petals. 


Polype talous. 


Perigynous. 


Stamens. 


Octandrous. 


Perigynous. 


Pistil. 
carpels. 


Syncarpous. 


Inferior. 


Seeds. Indefinite, exalbuminous. 



Observe the dimerous symmetry of Enchanter's 
Nightshade {Circ(ea\ the parts of the flower being in 
twos: the coloured calyx of Fuchsia: the expansion of 
the flowers, in the evening only, of Common CEnothera 
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(CEnothera biennis), hence called Evening Primrose : the 
silky coma surrounding the top of the seeds of the 
Wiilow-herbs. 

24. Natural Order — Lythraceae. The Lythrum 
Family. 

Distribution. — Tropical and temperate regions of 
both hemispheres ; most numerous in America. — British 
genera 2, species 3. 

Herbs. Flowers regular. Stamens 6 or 12, Ovary superior. 

Type — Purple Loosestrife (Lythrum Salicaria), 
A perennial erect herb, with opposite or verticillate 
entire leaves, and terminal spicate rose or purple flowers. 



1 

Organ. 


No. 

6 

6 
12 

1 2 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gamosepalous. 


Inferior. 


Corolla. 
petals. 


Polypetalous. 


Perigynous. 


Stamens. 


Dodecandrous. 


Perigynous. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Numerous, exalbumlnous. 



Observe the six teeth alternating with the free ex- 
tremities of the coherent sepals, so that there appear to 
be Kwelve sepals cohering to form the calyx : the relative 
length of stamens and style in the Howers of different 
plants of Purple Loosestrife. Mr. Darwin points out 
that the stamens in this ^ecies are of three lengths — 
long, medium, and short. But two lengths only occur on 
the same plant, there being two sets of six in each flower. 
The styles also are of three corresponding lengths — long, 
medium, and short; and as they are never associated 
with stamens of corresponding length, we have three 
forms of flower :— No. r, with short and medium stamens, 
and long style; No. 2, short and long stamens, and 
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medium style, as in Fig. no; and No. 3, with medium 
and long stamens, and short style. Mr. Darwin's expe- 
riments indicate that it is of advantage to the plant to 



in of flower of Fuiple LooKstiife. 



have the stigma fertilized by pollen from ! 
corresponding length, which necessarily involves the aid 
of insects, as these are borne not only by a different 
flower, but also upon a different plant 

Henna, used by Egyptian ladies to dye their nails and 
the palms of the hand a red dish -brown colour, is 
obtained from the leaves of Lawsonia inermis. The 
nails of mummies have been found stained in this way. 



25. Natural Order — Cucurbitacere. The Gourd 
Family. 

Distribution.— Tropical and warmer regions of hoth 
the Old and New World. — One British genus, species 1. 

Type — Common Bryony (Bryotiia dioicd). 

A climbing perennial herb, with palmately-lobed leaves, 
extra-axillary tendrils, and dicecious flowers. (The only 
British species.) 
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Organ. 


■No. 
5 

5 

3 



3 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gamosepalous. 


Superior. 


Corolla. 
petals. 


Gamopetalous. 


Perigynous. 


S , Stamens. 


Triandrous. 


Perlgynous. 


<5 , Pistil. 






$ , Stamen. 






9, Pistil. 
carpels 


Syncarpous. 


InFerior. 


9 , Seeds. Few, exalbuminous, in a baccate fruit. 



Observe the tendrils, often more or less extra-axillary, 
regarded as modified leaves of shoots, the intemodes of 
which are undeveloped : the stamens, the anther of one 
of which is i -celled, the others being 2-celled. The 
anther-cells are remarkably sinuous in Bryony and many 
other genera of the Order, resembling the letter ca) . 

The Cucurbitaceae are mostly tropical. Amongst them 
are several species extensively grown for the sake of their 
fruits, as the Gourd, Pumpkin, Cucumber, Melon, and 
Water-Melon. 

The firm outer layer of the pericarp is often hollowed 
out, as in the Bottle-Gourd {Lagenarid)^ and used as a 
domestic utensil, or ornamented with figures burnt upon 
the surface. The fruit of the Gourd sometimes attains 
an enormous size: one raised in Norfolk, in 1846, weighed 
196 pounds. The fibrous inner layer of the pericarp of 
the Towel- Gourd {Luffa cegyptiacd) is used as sponge 
and gun-wadding. Many species are intensely bitter, 
and some are dangerously poisonous, as the Colocynth 
(Citrullus colocynthis) and Squirting Cucumber {Momor- 
dica E later turn, L.); the latter so called because the 
fruit, when quite ripe, separates suddenly from the 
peduncle, and the sides, forcibly contracting, squirt out 
the contained pulp with considerable force. 
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26. Natural Order — Crassulaceae. The Stonecrop 
Family. 

Distribution. — Temperate and tropical regions of 
both hemispheres. Numerous in South Africa. — British 
genera 4, species 12. 

Herbs with fleshy leave*. Flowers regular. Pistil apocarpous, 
or nearly so. Carpels 5 or more. 

Type — Yellow Stonecrop (Sedum acre), 
A procumbent perennial herb, with small succulent 
leaves, and terminal cymes of yellow flowers. 



OrgYiH. 


No. 

1 

1 

! ^ 
5 

jio 
5 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gamcsepalous. 


Inferior. 


Corolla. 
pelals. 


Polypetalous. 


Per.gynous. 


Stamens. 


Decandrous. 


Perigynous. 


Pistil. 
carpels. 


Syncarpous. 


S^iperior. 


Seeds. Several in each follicular carpel. 



Observe the excessive succulence of the foliage 
characteristic of the Order, and the nearly apocarpous 
condition of the pistil. 

In drying specimens of this Family for the herbarium 
it is often necessary, owing to their succulence, to scali 
them, or to steep them in a solution of corrosive subli- 
mate, before putting them in drying paper. This prevents 
the leaves from falling off. 

Houseleek {Sempervivum), common on cottage-roofs, 
is subject to a monstrous condition of the stamens ; some 
of the anthers, occasionally all of them, bearing ovules. 

The leaves of Bryophyllum calycinuniy a greenhouse 
plant, when placed on damp soil readily produce young 
plants from buds originating in the notches (cretiatureT) 
of the maigm. This presents some analogy with tho 
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development of ovules, which are, normally, buds borne 
upon the margin of a carpellary leaf. 

27. Natural Order — Ribesiaceae. The Currant Family. 

Distribution. — North Temperate Zone and the 

Andes of South America. One British genus, species, 4. 

Shrubs. Flowers regular. Stamens 4 or 5. Pistil syncarpous, 
monogynous. Placentas parietal. 

Type— Common Gooseberry (Ribes Grossuiarta). 
A prickly deciduous shrub, with small drooping greenish 
flowers, and baccate fruit. 



Organ. 

Calyx. 
sepals. 


1 

5 

5 
5 

2 


Cohesion. 


Adhesion. 


Gamosepalous. 


Superior. 


Corolla. 
pefals. 


Polypetalous. 


Perigynoua. 


Stamens. 


Pentandrous. 


Perlgynous. 


Pistil. 
carpels. 


Syncarpous. 


Inferior. 


Seeds. Indefinite, albuminous, parietal. 



Observe the prickles usually immediately underneath 
the leaves of Gooseberry, in aspect and position recalling 
the spines of Barberry, (page 1 16). In Gooseberry, how- 
ever, they are local epidermal appendages, analogous to 
bristles and hairs. 

Black and Red Currants belong to the same genus 
as Gooseberry, but the dried currants of shops are the 
fruit of a small-fruited variety of the Grape-vine ( Vitis 
vinifera). 

28. Natural Order. — Saxifragaceae. The Saxifrage 
Family. 

Distribution. — Temperate Zone and cooler inter- 
tropical regions of both hemispheres.— British genera, 4, 
species 19. 
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Herbs. Flowers regular. Stamens definite. Pistil syncarpous, 

styles 2 or more. 



Type — Meadow Saxifrage (Saxifraga granulata), 
A small perennial herb, with a rhizome bearing minute 
granular bulbs, erect stem, and terminal white flowers. 



Organ. 


No. 
5 
5 

lO 

2 


Cohesion. 


Adkeaion. 


Calyx. 
sepals. 


Gamosepalus. 


Half-superior. 


Corolla. 
petals. 


Polypetalous. 


Perigynous. 


Stamens. 


Decandrous. 


Perigynous. 


PUtil. 
carpels. 


Syncarp3us. 


Half -inferior. 


Seeds. Indefinite, albuminous. 



Observe the glandular radical leaves of Sundew 
{Drosera), Both the glands and the blade of the leaf 
exhibit an obscure " irritability," closing over and clasping 
small insects which may happen to stick to the viscid tips 
of the former. An allied American herb, the " Venus' 
Fly-trap *' {Dionaa muscipula) , exhibits this irritability in 
a much higher degree, the two terminal lobes of the 
radical leaves clasping together instantaneously when any 
one of the three short bristles on the middle of either of 
the lobes is touched. 

Observe, also, Hydrangea hortensis in cultivation, 
showing enlargement of the lobes of the calyx at the 
expense of the essential organs. The pale or reddish 
colour of the flowers passes into a blue tint in a soil 
containing oxide of iron. 

29. Natural Order — Umbelliferae. The Umbellate 
Family. 

Distribution. — Most numerous in Southern Europe 
and temperate Asia, though with many species in North 
America, cooler inter- tropical regions, and the South 
Temperate Zone. — British genera 37, species 57. 
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Type— Cow-Parsnip {HeracUum Sphondylium'). 

A coarse erect hairy herb, with fistular siem, much 
divided leaves with dilated sheathing petioles, aiid small 
white flowers in terminal compound umbels. 



Organ. 


No. 


C0)u,hH. 


Adl,t!ion. 




5 


Gam;sepaloui. 


Sup*.«r. 


Corolb. 
fttali. 


5 


Polypclaluus. 


Epigynouj. 


Suunni. 


5 




EpBVPOu". 


Pjlil. . 


, 


Syncaipous. 


iDfuink 
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Nat)iral Order, it is necessary to devote some careful 
attention to it. It is always inferior, and consists of i 
carpels, applied face to face. The entire fruit is termed 
a cremocat-p, each of the carpels a mericarp. The meri- 
carps are popularly called " seeds," as Caraway-seeds, 
&c. You will, of course, note that each mericarp consists 
of seed and pericarp. 



The plane of union of tTie two mericarps is cilled the 
contmissurt. The pericarp is frequently marked with 
ridges: of these ridges, lo are ^nworj', viz. 5 answering 
to the lines of union of the 5 sepals which form the 
■ alyx, and 5 to the midribs of the s^me. The former, or 
sulural ridges, are opposite to the petals ; the latter, or 
carinal ridges, are opposite to the siamen;. These ridges 
are disposed in such a way that erch mericarp bears S • 
on ore mericarp 3 carinal and z sutural ridges; on the 
other. 2 nrinal nnd 3 sutural ridges. 

i.fcwrf.(';y fidse> rise, sometimes, in the interstices of 
the primHry ridees. 

Figure 113 represents a cross section of one of the 
mericarps of Cow-Parsnip. The structure of the fniit 
cannot be made out satisfactorily without examining it 
thus cut across. Enibedded hi the substance of the thin 
pericarp, longitudinal canals often occur, containing 



1.] 



UMBELLIFER^. 



163 



essential oil These are the vitta. They are easily seen 
in Cow-Parsnip, especially on the inner face (commissure) 




Fig. 1x3. — Transverse section of same, showing the ridges and vlttx of 
the pericarp, also the embryo surrounded by albumen. 



of a ripe mericarp. They are club-shaped, and reagK 
more than half-way from the top of the carpel. 

Observe the limb of the calyx, reduced to a rim' 
(obsolete), or sometimes appearing as small teeth : the 
corolla, which is often irregular, especially in the outer 
flowers of an inflorescence ; the petals directed from the 
centre of the umbel being larger, recalling the relation of 
the ray and disk florets of Compositae (page 174). The 
apices of the petals are often inflexed. 

In respect of the leaves^ compare Pennywort {Hydro- 
coiyle\ with orbicular peltate leaves : Sea Holly (Eryn- 
gium\ very stiff and spinous leaves : Lesser Helosciad, 
submerged leaves, with capillary segments : Buplever 
{Bupieurum), with entire leaves, in Hare's-ear Buplever 
perfoliate ; in some other species of Buplever the leaf is 
reduced to a phyllode*. the finely dissected leaves of 
Fennel {Fainiculum) : and succulent, dissected leaves of 
Samphire (Crithmuni), 

Compare, in respect of the inflorescence^ Hydrocotyle 
or Pennywort, with few-flowered simple umbels : As- 
trantia, with bracts of the partial umbels coloured, and 
as long, or longer, than the flowers : Eryngium, with 
capitate (sessile) flowers and large prickly involucres : 
Wild Celery and Helosciad, with lateral umbels, owing 
to the buds immediately below the umbels developing 
shoots which overtop* them, as in Lesser Senebiera 
(p. 124). 

Compare, also, fruits of Sanicle, covered with stout 
hooked prickles, and crowned with 5 prickly calyx-teeth ; 

M 2 
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Astrantia, with plaited toothed ridges and distinct calyx- 
lobes, vitt^e o : Carrot, with setulose primary ai^d prickly 
secondary ridges : ScandiXy with a long beak, vittae o : 
PrangoSy winged primary ridges : Laserpitiumy winged 
secondary ridges, the primary being obsolete. With 
respect to the form of the seed, compare Cow-Parsnip 
(seen in cross section), with the face towards the com- 
missure flat : Wild Chervil, with the same ^e furrowed : 
and Coriander (cut vertically), with the upper and- lower 
ends incurved. Upon these characters, derived from 
the form of the seed, subordinal divisions have been 
based. 

Although the Order includes many valuable esculent 
plants, yet so many species are dangerous, that Umbel- 
lifers generally are regarded as suspicious. Some, which 
are harmless under cultivation, are poisonous in the wild 
state, as Celery, which is only wholesome when blanched^ 
by being deprived of flght, which is necessary to the 
development of its poisonous principle. 

Amongst the useful species are Carrots, Parsnips, Skir- 
rets, Eryngo, Spignel (root) ; Archangel, Celery, Fennel, 
Parsley, Samphire (stem or herbage) ; Caraways, Cori- 
anders. Dill, Anise, Cumin (fruit). 

The root of Spignel (Meurn), called Baldmoney, is 
chewed in the Highlands. 

Arracacha, a native of the South American Andes, 
affords a large, fleshy, esculent root, the cultivation of 
which has hitherto failed in Europe. 

Of our British species. Hemlock {Contum macula- 
tum\ distinguished by its spotted stem and mouse-like 
smell ; Cowbane {Cicuta virosa ) ; and Water Hemlock 
{(Enanthe crocata) are virulent poisons. Hemlock was 
the State poison of Athens, by which Socrates was put 
to death. 



3a Natural (9r^<?r— Araliaceae. The Ivy Family. 

Distribution. — Principally inter-tropical in both 
hemispheres, with several outliers in the temperate zones. 
—One British genus, species i. 

Type — Common Ivy {Hedera Helix), 
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A climbing evergreen shrub, with coriaceous, shining 
leaves, and inconspicuous, umbellate flowers. (The only 
British species.) 



1 
Organ. • 


No. 
5 

5 
5 

5 


Cohesion. 


Adhesion. 


Calyx. ' 
sepals. 1 


Gamosepalous. 


Superior. 


Corolla. 
petals, 


Polypetalous. 


Epigynous. 


Stamens. 


Pentandrous. 


Epigynous. 


Pistil. ' 
carpels. \ 


Syncarpous. 


Inferior 


Seeds. z to 5 in each berry, albumen ruminated. 



Compare the fruit of Ivy with that of an Umbellifer, 
The chief difference is in the increased number of carpels, 
which do not separate from each other when ripe, in the 
former. A species of Panax growing in the north of 
China and Mantchuria affords ginseng, higUy esteemed 
as a restorative medicine by the Chinese. It is sold 
at from 20 to 250 times its weight in silver, though 
possessing no active medicinal properties. 

Rice-paper is prepared from the pith oi Aralia papyri- 
fera^ a tree of Formosa j the pith is cut spirally and 
unrolled into small squares of i\ or 3 inches, which are 
sold by the Chinese for i\d, or i\d, per 100. 

31. Natural Order, — Loranthaceae. The Mistletoe 
Family. 

Distribution. — Tropics of both hemispheres, with 
comparatively few species in the temperate zones. — One 
British genus, species L 

Type — Common Mistletoe ( Viscum album), 

A dichotomous parasitical shrub, with opposite leathery 
leaves, and inconspicuous dioecious flowers. (The only 
British species.) 
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Organ. 


No. 


CotzesioM. 


Adhesion. 


Perianth. 
Leaves. 


4 
4 

o 

1 
1 

o 


Polyphyllous. 


Superior. 


St Stamens. 


Tetrandrotis. 


Epiphyllous. 


<^,PistU. 






9, Stamens. 






9, Pistil. 
carpels. 


Syncarpjus. 


Inferior. 


Seeds. Solitary, albuminous ; radicle superior. 



Mistletoe is the only representative of this Family of 
woody parasites in Britain, which in the tropics are 
numerous, including many species with large and brilliant 
flowers. 

Observe a cross section through the attachment of 
Mistletoe to its stock ; it shows the intimate union, with- 
out intermingling, of the tissues of parasite and prey : the 
viscous tissue of the ripe pericarp, which secures the 
adhesion of the seed to the bark of trees when con- 
veyed by birds. In germinating the radicle penetrates 
the bark, forming a kind of rhizomatous root, which 
applies itself to the young alburnum of the stock, preying 
upon the ascending sap, which is further elaborated in 
the leaves of the Mistletoe. Observe, also, the anthers, 
adherent to the lobes of the perianth, and dehiscing by 
pores. 

The structure of the inferior ovary of the Order has 
been much misunderstood. If cut across, there is no 
cavity containing an ovule to be seen. This is owing to 
the circumstance that the sides of the ovary are adherent 
fo the solitary, erect, naked ovule, so that no distinction 
between ovary and ovule is apparent. The albuminous 
seeds frequently contain 2 or more embryos, as is also 
usually the case with the exalbuminous seeds of the 
Orange. 

Mistletoe grows upon trees belonging to very different 
Natural Orders ; in Britain, chiefly upon the Apple, 
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Thorn, Maple, and Linse. It rarely occurs upon the 
Oak. 

32. Natural Order— CornaiCGad, The Cornel Family. 

Distribution. — Widely dispersed in both hemi- 
spheres. — One British genus, species 2. 

Shrubs or herbs. Corolla epigynous, regular. Ovary 

2-ceIIed. 

Type — Common Cornel (Comus sanguinea), 
A deciduous shrub, with opposite entire leaves, and 
small white cymose flowers. 



Organ. 


No. 

4(5) 

1 

4(5) 
14(3) 

1 

3 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gam.sepalous. ~ 


Superior. 


Corolla. 
petals. 


Pul>'petalous. 


Epigyn.us. 


Stamens. 


Tetrandrous 


Ep'gynous, 


Pi-^til. 
carpels. 


Syncaipous. 


Inferior. 


Seeds. Solitary in each cell, albuminous. 



Observe the white involucral bracts of Dwarf Cornel 
(Comus suecicd) and of Cflortduy the latter an American 
species. The involucres give the small flower-heads the 
appearance of single flowers. 

Division Gamopetalae {Corolliflorci), 

33. Natural Order — Caprifoliaceae. The Honeysuckle 
Family. 

Distribution.— Chiefly in temperate and sub-tropical 
regions of both hemispheres. — British genera 5, species 8. 

Shrubs or herbs. Corolla epigynous. Stamens epipetalous. 

Ovary 3 — 5-celled. 

Type— Common Honeysuckle {Lonicera Pericfymenum). 
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A woody climber, with opposite entire leaves, and 
terminal heads of fragrant irregular flowers. 



Organ. 


\no. 
5 

5 

1 
5 

3 


Cohesion. 


Adhesion, 


Calyx. 
sepals. 


Gamosepalous. 

• 


Superior. - 


Corolla. 
petals. 


Gamopetalous 
(irregular). 


Epigynous. 


Stamens. 


Pentandrous. 


Epipetalous. 


Pistil. 
carpels. 


Syncarpous. 


Inferior. 


Seeds. Few, albuminous. 



Observe the thick cellular pith of Elder [Sambucus 
ni^a\ useful for pith-balls for electrical experiments, and 
the cylinder of wood, after the pith is removed, for pop- 
guns. Observe, also, the enlarged lobes of the corolla 
in cultivated varieties of Guelder Rose {Viburnum 
Opulus), In the wild form, the outer flowers only of 
the cymes are enlarged in this way, at the expense of 
the essential organs : they are barren or neutery in 
consequence. 

Observe, also, Tuberous Mosc^el {Adoxa moscha- 
.tellina\ a low, tender herb, with small capitate flowers, 
of which the upper one of each head has 4, and the four 
lateral flowers each 5, stamens. The stamens are 
branched, and each branch bears one lobe of the anther, 
so that the flowers appear to be octandrous or decan- 
drous. Compare the neuter flowers of Guelder Rose and 
Hydrangea : in the former the lobes of the corolla, in 
the latter the lobes of the calyx, are enlarged. 

Linnaa borealis, a small creeping wiry evergreen, with 

pretty pendulous flowers, native of Scotland, and common 

in the North of Europe, is named after Linnaeus, who is 

represented in his portraits with a sprig of this plant in 

, his button-hole. 
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34. Natural Order— ^xi\yi2iCt?e^, Tribe Stellatae. The 
Stellate Tribe of the Madder Family. 

Distribution. — Dispersed through temperate regions 
of both hemispheres ; less numerous between the tropics, 
where, however, typical Rubiaceae abound. — British 
genera 4, species 14. 

Herbs. Leaves verticillate. Corolla epigynous. Stamens 
epipetalous. Ovary 2-ceIled. 

Type — Sweet WoodruiF {Asperula adorata), 

A perennial herb, with slender creeping rhizome, erect 

stem with verticillate leaves, and a terminal cyme of 

small white flowers. 



Organ. 


No. 

4 

4 
4 

3 


Cohesion. 


Ad/ieston. 


Calyx. 
sepals. 


Gamosepalous. 


Superior. 


Corolla. 
petals. 


Gamopetaloua. 


Epigyncus. 


Stamens. 


Tetrandrous. 


Epipetalous. 


Pistil. 
carpels. 


Syncarpous. 


Inferior. 


Seeds. One In each crpael, albHminous 



All British Rubiaceae belong to the Tribe Stellatae, 
characterised by the leaves in whorls. The more typical 
niembers of the Order abound in tropical countries, 
where many species are amongst the commonest weeds. 
Others, however, are highly ornamental, and are culti- 
vated in our plant-houses. A few species are of great 
economic importance, especially the Coffee shrub {Cqffea 
arabicd) a native of Eastern Tropical Africa, but culti- 
vated very extensively in Ceylon, the East and West 
Indian Islands, and Brazil. The seeds are contained, 
two together, in a fruit of about the size and colour of a 
Cherry. The pulp of the pericarp is removed by wash- 
ing and mechanical contrivance, leaving the parchment- 
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like endocarp immediately enclosing the seeds to be 
separated in a rolling-mill. 

In 1877 upwards of one million six hundred thousand 
cwts, of Coffee were imported, seven hundred and eighty 
t*iwM««d beng &ni Ceyion alMC M«re -ftan two 
hundred and ninety thousand cwts. were entered for 
home consumption. 



Pic. itt,—CoSte (Coffia araiica}. Reduced. A deudied bsTr mid 
Bowet btlfw. 

Other important exotic species are the Quinine-pro- 
ducing Cinchonas or Peruvian barks, natives of the 
Andes of Peru, and now introduced into British India 
and Java: Ipecacuanha, the emetic root of Cephailis 
Ipecacuanha : and BuMa tinctorum, a plant of the Levant 
and Southern Europe, cultivated in France for the sake 
of ils rhizome, which affords the valuable dye, Madder. 
Upwards of 283,000 cwts. of Madder and Garancine 
(the latter prepared from Madder by the action of sul- 
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phuric acid) were imported in 1872. Indian Madder is 
the produce of an allied species, R, cordifolia. 

The seeds of Cleavers, or Goose-grass (Galium 
Aparine\ are said to have the fla.v?ur of Coflfee wliui 
roasted. 

35. Natural Order — Valerianeae. The Valerian Family. 

Distribution.— Principally confined to the north 
temperate zone and South American Andes. — British 
genera 2, species 6. 

Herbs. Corolla episynotis. Stamens epipetalous, fewer than 

curolla lobes. Fruit i -celled. 

Type — Common Valerian {ValeHana officinalis), 

Aji erect perennial herb, with opposite pinnatifid 

leaves, and terminal many-flowered cymes of small pale 

lilac or white flowers. 



Organ. 


No. 



5 

5 

3 

3 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gamosepalous. 


Superior.. 


Con 11a. 
petals. 


Gamopetalous. 


Epigynous. 


Stamens. 


Tr.androus. 


Epipetalous 


Pistil. 
carpels. 


Syncafpous. 


Inferior. 


Seeds. i 


Solitar 


y, suspended, exal 


biimino.is. 



Observe the dioecious flowers of Marsh Valerian 
{Valeriana dioica) : the calyx of the ripe fruit of Common 
Valerian ; at the time of flowering, the limb of the calyx 
is represented by a thickened rim, but as the fruit ripens 
the limb expands in the form of a crown of feathered 
hairs (pappus) : the gibbous one-sided dilatation of 
the base of the corolla- tube in the same species ; in 
Centranth {Centranthus) it is lengthened down into a 
spur : a transverse section of the ovary exhibits but a 
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single cell containing one ovule, the other two cells being 
aborted. 

Spikenard is the root of Nardostachys jatamansi, a 
North Indian plant. It has been highly valued as a 
perfume from early antiquity. The root of Common 
Valerian possesses a strong and peculiar odour, which 
acts powerfully on the nervous system of cats. 

Corn-s^ad, or LambVlettuce {JFedia olitorid)^ is eaten 
as a salad. 



36. Natural {?ni<?r— Dipsaceae. The Teasel Family. 

Distribution. —Temperate regions of the Old World, 
especially around the Mediterranean ; also at the Cape 
of Good Hope. — British genera 2, species 5. 

. Herbs. Stamens epipetalous, same number as corolla-lobes. 
Ovary i -celled, inferior. Ovule pendulous. 

Type — Blue Scabious {Scabiosa succisa,^ 
Herb with a praemorse (truncate) rootstock, opposite 
entire leaves, and terminal involucrate flower-heads. 



Organ. 


No. 
4 

4 

4 

2 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gamosepalous. 


Supericf. 


Corolla. 
petah. 


GamopetaIou.<f. 


Epigynous. 


Stamens. 


Tetrandrous. 


Epipetalous. 


Pistil. 
carpels. 


Syncarpous. 


Inferior. 


Seeds. Solitary, suspended, albuminous. 



Observe the small involucel enclosing each individual 
flower, very easily mistaken for a calyx : the rigid pointed 
bracts of the flowers of Fuller's Teasel (Z). fullonum). 
The heads are flxed into frames^ and used to give a 
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*' nap " to woollen cloth, by raising the fine fibres of the 
fabric to the surface by means of the pungent bracts : 
the connate leaves of Common Teasel, which collect the 
rain and dew that trickle down the stem. 




Fig. 115. — Vertical section of a fruit of Field Scabious, showing the calyx- 
tube enclosed in an invjlucel. The limb of the calyx is multipartite. 



The species of Dipsaceae are easily distinguished from; 
Composites by their free anthers, and the pendulous 
ovule. 



37. Natural Order — Compositse. The Composite 
Family. 

Distribution. — Numerous in every quarter of the 
globe, especially in the Tropics, where a large proportion 
is shrubby or arborescent. — British genera 40, species 113. 

Herbs. Flowers (florets) capitate. Stamens 5, syngenesious. 
Ovary I -celled, inferior ; ovule erect. 

Types — Spear Thistle {Carduus lanceolatus), or Dande-, 
lion ( Taraxacum Dens-lebnis), 

The former an erect herb, with alternate pinnatifid 
prickly leaves, and terminal prickly globose flower-heads 
of purple florets ; the latter with radical runcinate leaves, 
and a hollow radical peduncle (scape), bearing a solitary 
head of bright yellow florets. 



o.r«. 


A'o, 1 CofcwiM. 


A<lke,iim. 


QlWx. 


,1'^--"' 


s.,™.. 




1 G™.p.ulou^ 


Epigynoui j 


Siemens. 




Syngenfaious. 




PisliL 




Syneaipoui 


Infatar. , 


Sttd^ 


SoliLan:,.»=..«.lbun. 


1 



N.B.— The carpels are described as two in number. 
This is inferred from the 2-lobed stigma. 

The ovary is invariably i-celled, with a solitary erect 
ovule. The number of sepals i^ inferred from analogy. 

Compare, in respect of the form of the corolla of the 
florets, Spear Thistle, Daisy, and Dandelioa 

In Spear Thistle they are all tubular. 

In Daisy, the outside florets are irregular, one-sided, 
strap-shaped (Jigulate), and white, constitutii^ the ray ; 



7tc iiS.— Venlial « 



I of flj» 



r-head of Dsi>y 



the inner florets are much smaller, regular, tubular, and 
yellovT, constituting the ifi'sk. In Daisy, and many other 
plants with ray and disk florets as in that species, the 
florets of the disk are apt all to become ligulate under 
cuhivation. 
■ In Dandelion, all the florets are like the florets of the 



I.] COMPOSITE. 175 

ray of the Daisy in form ; they are all ligulate and 

Our British Composites may be grouped under two 
Tribes : TubuUftora, with all the florets (Spear Thistle), 
orthose of thedisk only(Daisy), 
tubular; and Z/^/yforffi', with all 
the florets ligulate (Dandelion). 

The florets of Liguliflorae are 
all perfect, Le. they each contain 
buth stamens and pistil. 

The florets of Tubuliflorse may 
be either all pirfect (Spear 
Thistle) i or the outermost 
florets may be neuter (Corn 
Centaurea, or Bluebottle), or 
pistillate (Daisy or Chamomile); 
or the florets may be monce- 

, those of the disk being Fm. 117— Vmical srciion nf 
Mlp. tho«p of the rav ni=. Aiw^-had of Com Ciniau. 



, f the ray pis- rav Hotm and 

tillate (Common Marigold, Cat- onc'di»k-iio.t.i«ineitfi- 

tndula); or the flower- heads may 

be dioecious (Mountain Cudweed, Cnaphalium dioicum). 

If all the florets of a flower-head (capilulum) be per- 
fect, the flower-heads are homogainous (Dandelion, Sow- 



Fm. iiB.— Venlcil leclimi ihrcuEh flow«-bud of SiiwihiHle. 

thistle) ; if part of them be imperfect, the heads are 
keUrogamous (Daisy). 
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Compare the common receptacUs of Dandelion and 

Common Chamomile (Antkemis nobilis) after removing 



Fio. 119.— Chaffy (jtoi<K< 
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the florets. In the former it is naked, in the latter 
covered with small chdffy scales {paleaceous). In some 
plants the bracls of the involucre pass gradually into the 
palea of the common receptacle. 

Compiare, also, the fruit-achenes of Thistle, Dandelion, 
and Daisy. 

In Thistle they are crowned by a sessile crown of hairs, 
called a pappus (representing the limb of the calyx in 
Composites) ; in Dandelion by a stalked {stiptiale) 
pappus. In Daisy the pappus is obsolete. 






—Fruit of Thistle, w^lb' Fic, 131.— Pru[t of DandcUan vith. 
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The Composite Family is the largest and at the same 
time one of the best defined in the Vegetable Kingdom. 
The eight 01 nine thousand species which compose the 
Order nearly all agree in their capitate inflorescence, the 
5 stamens with syngenesioHS anthers, the i- celled ovary 
containing a single erect ovule, and the dry achene ; in 
common language incorre:tly called a " seed." , 

Note amongst Tubuliflorae : — 

Coltsfoot (Tussilago\ with the flowers appearing in early 
spring, before the leaves. 

Sunflower {Heluiftthus annuus\ the seeds of which yield 
a valuable oil ; and Jerusalem Artichoke (//. iuberosus). 
The latter species rarely flowers in cultivation, except 
in hot summers. It is of North American origin. 

Monstrous condition of Daisy (Bellis perennis\ in which 
small flower-heads are borne in the axils of the bracts 
of the involucre, as in *' Hen-and-Chickens Daisy." 

Garden Chrysanthemums {Chrysanthemum indicum\ the 
florets all ligulate under culture. Many beautiful 
varieties, differing in colour and form (whether flat or 
*' quilled ") of the ligulate florets, are grown. 

Chamomiles \Anthemis nobilis\ the dried floweNheads 
used medicinally in infusion as " chamomile-^tea." 

Thistle, Onopord, and others, with decurrent, often 
prickly leaves ; Creeping Thistle (Carduus ari'emis) is 
a too common weed in pastures, propagating itself by 
a creeping rhizome, every node of which is capable of 
giving off* a shoot ; the flo>^ er-heads are unisexual. 




Fig. 122.— ?Iowcr-head of Echinops, but two flcrets remain. " 
O.E. N 
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Echinops, with globular flower-heads and each floret 
enclosed in a special involucel. 

Artichoke (Cynara Scolymus), introduced into the pampas 
of South America, has spread over a large tract of 
country in «uch abundance as to form impenetrable 
masses when in Hower. C Cardunculus is the 
Cardoon. 

Safiiower, the dried corollas of Carthamus tinctoriuSy 
made up into cakes. It affords an excellent rose dye, 
and, treated with carbonate of soda and lemon-juice, 
rouge. 

Everlastings, Ihe flower-heads of species of Helickrysum, 
GnafihaliMm, .&c., called "Everlastings" from their 
dry, scarious, persistent involucres. They are fastened 
together into wreaths and chaplets, and sold in France, 
as " immortelles* to deck the tombs of friends. 

Amongst Liguliflorae (characterised, besides the per- 
fect ligulate ilorets, by milky juice) note — 

Salsify and Scorzonera, the esculent roots of Tragopogon 

porrifolium and Scorzonera Mspanica. 
Dandelion, the roots used in rustic medicine. 
Chicory, the kiln-dried, and then roasted and powdered 

root of Cichorium IntybuSy used extensively to mix 

with coffee. To detect its presence in ground coffee, 

add a little of the suspected mixture to a glass of water. 

If Chicory be present, a yellowish tinge will be rapidly 

imparted to the water. 

Catanache ccerulea of the South of Europe is one of the 
few ornamental species afforded by Liguliflorae. The 
Tribe Tubuliflorae, on the other hand, is rich in garden 
flowers, including, besides Chrysanthemums and Sun- 
flowers, Dahlia, French and African Marigolds (Peruvian 
species of Tagetes\ Zinnia, Cineraria, Senecio, &c. 

38. Natural Order— Zdxa^^Xi\3\aLZ^'at* The Bell-flower 
Family. 

Distribution. — ^Temperate regions of both hemi- 
spheres ; a large proportion affecting mountainous situa- 
tions. — British genera 4, species 14. 
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Herbs. Stamens 5, epigynous. Ovary 2 — 5-ceIled, ovules 

indefinite 

Type — Harebell {Campanula rotundifolia), 
A decumbent perennial herb, with milky juice, rounded 
or cordate radical, and alternate linear cauline leaves, 
and racemose few-flowered cymes of drooping blue 
flowers. 



Organ. 


5 

S 
5 

3 


Cohesiofi. 


Adhesion. 


Calyx. 
sepals. 


Gamosepalous. 


Superior. 


Corolla. 
Petals. 


Gamopetalcus. 


EpIgyQous. 


Stamens. 


Pentandrous. 


Epi^yncus. 


Pistil. 
cartels. 


Syncarpous. 


Inferior. 


Seeds. Indefinite, placentation axile. 



A deviation from this type we find in Lobelia and 
some allied exotic genera, in which the corolla is 
irregular, and the anthers usually more or less distinctly 
syngenesious. 

Observe the valvate aestivation of the corolla : the 
early dehiscence of the anthers : the mode of dehiscence 
of the capsule. 

In some species two kinds of flower are produced — 
one of the usual form, the other {cleistogamous) very 
minute and with the corolla hermetically scaled over 
the stamens and pistil, so as to insure self-fertiliza- 
tion. The root of Campanula Rapunculus is cooked, 
under the name of Rampion. This is the only esculent 
species. Several are favourite garden flowers. 

39. Natural Order — Ericaceae. The Heath Family. 

Distribution. — Arctic and temperate zones of both 
•hemispheres, excepting in Australia ; continued along 

N 2 
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the mountain-ranges of the Tropics. One genus {Ertca) 
very numerous at the Cape of Good Hope. — British 
genera 7, species 23. 

Wiry shrabs. Stamens 8 or 10, epigjmous or hjrpogynous. 

Type — Scotch Heath {Erica cinercd), 
A low bushy wiry shrub, with narrow-linear leaves, and 
racemose clusters of purple flowers. 



OrguH. 


No. 

1 
4 

4 
r 

i 8 

1 * 


Cohesion. 


Adhesion, 


Calyx. 
sepa/s. 


Polysepalous. 


Inferior. 


Corolla. 
^ia/s. 


Gamopetalous. 


Hypogynous. 


Stamens. 


Octandrcus. 


Hypogynous. 


Pistil. 
car^/s. 


Syncarpous. 


Superior. 


• 

Seeds. Several in each cell. 



The Bilberry or Whortleberry ( F^^a;////w Myrtillus) 
may be taken as the representative Sub- type of those 
species which have the ovary adherent to the calyx-tube, 
the corolla and stamens being consequently epigynous. 

Observe the persistent (marcescent) corolla of Heaths : 
the anthers dehiscing by pores at the top, and often with 
spur-like appendages at the base. 

Compare the fruits of Heath and Bilberry; in the 
former a capsule, in the latter a berry. 

Very few species of the Heath Type are of economic 
importance, though many are exceedingly beautiful, and 
universal favourites in cultivation ; amongst the rest are 
the Rhododendrons, Azaleas, Kalmias, and the elegant 
species of Heath introduced from the Cape of Good 
Hope. 

Some species of the Vacciniutn Sub-type afford a use- 
ful fruit, as Bilberry and Cranberry ( V, 'Oxy coccus). 
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40. Natural (9n25?r — Primulaceae. The Primrose 
Family. 




Fig. 123.— Vertical section of flower of Prioirose. 

Distribution. — Most numerous in the North tem- 
perate zone, especially affecting mountain-ranges. — 
British genera 8, species i^* 

Herbs. CAroUa hjrpogynous. Stamens 5, epipetalous, opposite 
to the corolla lobes. Placenta free, central. 

Type — Common Primrose {Primula vulgaris). 

A perennial herb, with oblanceolate wrinkled radical 
leaves, and pale yellow flowers borne on slender i -flowered 
scapes. 



Organ. 


No. 

5 

5 
5 

5 


Cohesion. 


Adhesion. 


Calyx. 

sepals. 


Gamosepalous. 


Inferior. 


Corolla. 
petals. 


Gamopetalous. 


Hypogynous. 


Stamens. 


Pentandrous. 


Epipetabus. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Numerous, on a free central placenta. 
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Observe the stamens opposite to the lobes of the 
corolla : the i-celled ovary with a central placenta wholly 
free from the sides of the ovary from its first origin : the 
ovaty half-inferior in Samolus : the fruit dehiscing trans- 
versely in Pimpernel (Anagallis) : the absence of a 
corolla in Glaux. In this genus the calyx is coloured 
like a corolla. 

Compare the inflorescence of Primrose, Cowslip (/". 
I'eris), and Chinese Primrose {P. sinensis), the latter a 
common parlour plant. It is essentially similar in all, 
but in Primrose the peduncle is arrested close to the 
stock, so that the pediceb only appear. Sometimes it 



Tic. I34-— V«ti:eil seciion of flower of Primula tln-niit, 

lengthens out, bearing an umbel of flowers, as in Cow- 
slip. In Chinese Primrose the peduncle does not ter- 
minate in a single umbel, but is prolonged beyond it, 
bearing a second or third umbel ; all the flowers, 
excepting those of the terminal umbel, becoming, in 
consequence, whorled. 

In Cyclamen the embryo has but I cotyledon ; in some 
species of Cyclamen this cotyledon enlarges, persists, and 
becomes a "foliage-leaf." The "tigellum" of theembr>'o 
enlaiges, forming a thick perennial corm, from which 
leaves and flowers annually rise. It is called Sowbread 
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in Sicily, where the wild boars root it up for food. The 
fishermen use it to expel cuttle-fish from their hiding- 
places among the rocks, in order to procure their ink-bags, 
which are dried to furnish sepia used in water-colour 
drawing. 

41. Natural Order— Ole2icex, The Olive Family. 

Distribution. — ^Widely dispersed through iDoth hemi- 
spheres, rare in tropical America. — British genera 2, 
species 2. 

Tree or shrub. Leaves opposite. Stamens 2. 





Fig. Z35. — Flowers of Ash ; the hermaphrodite flower ; two staminate 
{diandrous) flowers ; and a pistillate flower. 

Type — Common Ash {Fraxinus excelsior\ 
A tall deciduous tree, with opposite pinnate leaves, and 
inconspicuous polygamous flowers. 



Oi^an, 


No. 




3 

3 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Asepalous. 




Corolla. 
petals. 


Apetalous. 




Stamens. 


Diandrous. 


Hypogynous. 


Pistil 
carpels. 


Syncarpous. 


Superior. 


Seeds. One in each cell of the winged capsule. 



Although *e Ash is the most accessible species, it can- 
not be accepted as reprcscntiDg Ihe prevalent structure 



Fic- 1>6- — FloweT (dichlamjrdeouA) of Floweiing Aah. 

of the Order, since the flowers of Oleacex are usually 
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hermaphrodite, and provided with both calyx and corolla, 
as in Privet (Jjgustrum), the only native species of the 
Order in Britain besides the Ash. The case of the Ash 
ser\'e3, however, to show that the suppression of calyx and 
corolla in a single species or genus of a Natural Order is 
not regarded as of sufficient moment to warrant its re- 
moval to the Incompletae. In another (South European) 
species of Ash (F, Omus\ called the Flowering Ash, calyx 
and corolla are present. 

The flowers of Common Ash are termed polygamous^ 
because they are either staminate, pistillate, or herma- 
phrodite, and the different kinds of flowers may be upon 
the same or different trees. In a variety of the Ash, 
called the "Weeping Ash," the branches are naturally 
pendulous. The original of this variety, from which all 
have been propagated by cuttings, is said to have been 
found in Cambridgeshire. Young plants, raised from 
seeds of the Weeping Ash bjr Professor Henslow, had a 
tendency to "weep" in their first branching, but the 
anomaly disappeared in two or three years in several 
young trees which he raised. 

The wood of the Ash is very tough and elastic, and 
valued by cart- and wheelwrights. Manna is the concrete 
sap of species of Ash {F, Ornus and F, rotundtfolia\ 
collected from wounds in the bark in summer and 
autumn. It is procured in Sicily. 

The Olive {Olea europcea), emblem of peace and plenty, 
a native of Syria and Greece, has been cultivated from a 
remote period on the shores of the Mediterranean, in 
Spain and the South of France, for the sake of the 
valuable oil (Olive-oil) expressed from the pulp of its 
drupaceous fruft. 

The Lilac (Syringd) and Jessamine {Jasminum) are 
members of the Order, everywhere grown in gardens. 
Observe the symmetry of the flowers of these two plants, 
representing two divisions of the Order, the former with 
the parts of the calyx and corolla in fours and valvate in 
bud, the latter with five or more divisions to the corolla 
and overlapping (imbricate) in aestivation. 

42. Natural Order— Apocyn2u:Q3d. The Periwinkle 
Family. 
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Distribution. — Chiefly tropical, with but compara- 
tively few outliers in temperate regions. — One British 
genus (scarcely indigenous), species 2. 

Type — Lesser Periwinkle ( Vinca minor), 

A trailing wiry evergreen, with opposite entire shining- 
leaves, and large blue solitary axillary flowers. 



Of^an. 


5 

5 
5 

a 


Cehesiim. 


Adhesion. 


Calyx. 
se/als. 


Gaaiosepalous. 

• 


Inferior. 


Corolla. 
petals. 


Gamopetalous. 


Hypogynous. 


Stamens. 


Pentandrous. 


Epipetalous. 


Pistil. 
carols. 


Syncarpous. 


Superior. 


Seeds. Several in each follicle. 




Fig. 199.— Vertical section of 
flower of Vinca rosea. The 
transversely constricted annu- 
late stigma to the left. 



Observe the contorted 
aestivation of the unequal- 
sided lobes of the corolla : 
the hour-glass contraction of 
the stigma : the carpels, free 
at the base (ovary), consoli- 
dated in the style and stigma ; 
ultimately (in fruit) wholly 
free. 

Generally, the Apocynaceae 
are dangerous. Seven out of 
twelve French soldiers, at 
Madrid, are said to have died 
from using a spit of the wood 
of the Oleander {Nerium) in 
cooking ; and a kernel of the 
Madagascar Ordeal - poison 
{Tanghinia) is stated to be 
sufficient to kill twenty people. 
This ordeal used to be em- 
ployed in cases of suspected 
witchcraft or apostasy. Some 
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tropical species of the Family abound in a milky juice, 
which is collected for the sake of its caoutchouc. 

Closely allied to Apocynaceae is the exotic Asclepias 
Family, including the beautiful Hoyas and Stephanotus 
of our stoves and the Carrion-flowers {Stapelias) of South 
Africa. The pollen of Asclepiads .is held together by a 
wax-like cement,^o as to ioxva pollinia resembling those 
of Orchids. 

43. Natural Order — Gentianaceae. The Gentian 
Family. 

Distribution. — Widely spread in both Tiemispheres ; 
most numerous in temperate and alpine regions. — British 
genera 6, species 11. 

Herbs. Corolla hypogynous, r^iilar, lobes twisted in bud. 

Stamens alternate with corolla-lobes. Ovary usually 

i-celled, with parietal placentas. 

Type — ^Autumn Gentian {Gentiana Amarella), 
A small erect smooth annual, with opposite entire 
leaves, and 'numerous purplish flowers. 



Ortr^f*. 


No. 
5 

5 
5 

a 


Cohesion. 


Adhesion. 


Calyx. 
sepals. 


Gam}sepalous. 


Inferior. 


CbrolU. 


Gamopetalous. 


Hypogynous. 


Stamens. 


Pentandrous. 


Eplpetalous. 


Pistil. 


Syncarpous. 


Superior. 


Seeds. Indefinite, placenta ion parietal. 



Observe the connate leaves of Yellow-wort {Chlora 
perfoliate^ : trifoliolate leaves and bearded petals of 
Buckbean {Menyanthes trifoliatd) : orbicular floating 
leaves of Fringed Buckbean {Limnanthemum nym- 
ph<eoides\ 
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The Order abounds in a bitter principle, and several 
species are used in medicine. 

44. Natural Order — Convolvulaceae. The Convolvulus 
Family. 

Distribution. — Chiefly tropical ajid sub-tropical, 
both in the Old and New World. — British genera 3, 
species 6. 

Twining or creeping herbs. Calyx polysepalons. Corolla 
regular, hypogynous, lobes plaited in bud. 

Type — Field Bindweed {Convolvulus arvensis). 

A tuning or prostrate herb, with alternate sagittate 
leaves, and axillary pedunculate flowers with handsome 
plaited corollas. 



Ot^gan. 


No, 

^ 5 

5 
5 

a 


Cohesion 


Adhesion. 


Oftlyx. 

sepals. 


Polysepalous. 


Inferior. , 


Corolla. 


Gamopetabus. 


Hypogynous. 


Stamens. 


Peotandrous. 


£pipetalcus. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Two in each cell, cotyledons plaited. 



Observe the folded aestivation of the corolla : the 
anomalous genus Dodder {Cuscuta), the species of which 
are leafless twining parasites germinating in the soil, but 
becoming attached to their prey (Furze, Clover, Flax, &c.) 
at an early stage of growth, by suckers, which penetrate 
the epidermis. The embryo of Dodder is filiform, coiled 
up in the albumen, and destitute of cotyledons. In some 
species rudimentary cotyledons are formed at one extremity 
of the embryo. 

Sweet Potatoes, cultivated all over the Tropics, are the 
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fleshy rhizomes of Batatas edulis^ probably a native 
originally of South America. 

Jalap and Scammony are well-known drugs, furnished 
by the Order, The former (Exogonium) is brought from 
Mexico ; the latter (Conifolvulus Scammonia) from Asia 
Minor and Syria, where it is obtained by making oblique 
sections through the root, and allowing the milky juice 
to flow. This solidifies, and is the genuine Scammony of 
commerce. 

The blue Minor Convolvulus of gardens (correctly C, 
tricolor) is a native of the South of Europe. The Major 
Convolvulus {Pharbitis purpurea) f common in the Tropics, 
is probably an American species. 

45. Natural (9r^r— Boragineae. The Borage Family. 

Distribution. — Most numerous in South Europe and 
Western Asia, occurring also between the Tropics and 
southward in both hemispheres. — British generqi 11, 
species 21, 

Herbs. Calyx gamosepalous. Stamens same number as 
corolla-lobes. Ovary 4-lobed. 

Type — Forget-me-not {Myosotis palustris), 
A perennial herb, with alternate entire leaves, and 
scorpioid cymes of rotate bright-blue flowers. 



Or^ft. 


No. 

5 

• 
5 

5 

1 

2 


Cohesion, 


Adhesion. 


Calyx. 
se/ats. 


GamosepaLus. 


Inferior^ 


Corolla. 
petals. 


Gamopetalcus. 


Hypcgynous. 


Stamens. 


Pentandrous. 


Epipetalous. 


Pist:i. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Solitary in each of the 4 nuts of the fruit. 

• 



Observe the inflorescence, resembling the indefinite 
raceme, but perhaps, in reality, a one-sided-cyme, made 
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up of as many superimposed axes as there are flower- 
bearing pedicels : the 4-lobed ovary, resulting from 2 
carpels each divided by an inflected dorsal suture, so that 
the lobes, each i -seeded, become separately detached 
when ripe : the style Springing from the centre and base 
of the lobes of the ovary, termed gynobasic. 

The herbage of Boragineae is often very coarse and 
hispid. A few species are common in flower-beds^ as the 
Heliotrope. 

The brownish-red dye Alkanet-root is obtained from 
Anchusa tincioria^ cultivated in the South of Europe. 



46. Natural Order — Solanaceae. The Nightshade 
Family. 

Distribution.— Most numerous in tropical and sub- 
tropical regions of both hemispheres. — British genera 3, 
species 4. 

Herbs or shrubs. Stamens same number as corolla-lobes. 
Ovary 2-celled, ovules indefinite. 

Type — Bittersweet {Soianum Dulcamara), 

A straggling deciduous shrub, with alternate petiolate 

often auricled leaves, and loose extra-aallary cymes of 

purple flowers. 



Organ. 


No, 
5 

5 
5 


Cohesion, 


Adhesion. 


Calyx. 

sepals. 


Gamosepalous. 


Inferior. 


Corolla. 
petaU. 


Gam :> petal, us. 


Hypogynous. 


Stamens. 


Pentandrous. 


Epipetalous. 


Pistil. , 
carpels. 


Syncarpous. 


Superior. 


Seeds. Several, albuminous, in red berries. 



Observe the frequently geminate leaves and extra- 
axillary inflorescence of the Order : the persistent accres- 
cent calyx of Winter Cherry {{Physalis Alkekengi), grown 
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in cottage gardens : the anthers of Potato opening by 
pores at the apex : the albuminous seeds with, usually, a 
curved embryo ; the fruit of Thorn-apple {Datura^ 
4-ceIled, owing to the infolded dorsal sutures of the 
carpels, which reach and adhere to the placentas. 

Although some species under cultivation are amongst 
our most valuable food-producing plants, the Order is 
dangerous, including the Deadly Nightshade {Atropa 
Belladonna\ the berry of which, about the size and colour 
of a black cherry, has often proved fatal to children ; 
Henbane (Hyoscyamus niger), a viscid weed of waste 
places about villages, with dingy, purple-veined, yellow 
flowers ; and Tobacco {Ntcotiana), the oil distilled from 
which is a virulent poison. 

The narcotic principle of Tobacco is developed in the 
leaf by a fermentative process, after it has been collected. 
In 1877, upwards of fbrty-nine millions of pounds of 
Tobacco were entered for home consumption. It is ex- 
tensively grown in hot countries, especially in the Southern 
States of America^ Cuba^ South America, and the East 
Indian Islands. 

The Potato-plant {Solatium tuberosum) is by far the 
most important member of the Order, affording our most 
valuable esculent. It was originally introduced from the 
south-western coast of South America. Potatoes are the 
tubers or swollen portions of underground branches, and 
not roots, as the " eyes " (leaf-buds) of the tubers show. 
They contain about fifteen per cent, of starch, which may 
be roughly separated from the tissue of the Potato by 
grating and washing. From this starch are prepared 
dextrine, used in calico printing, and British gum, 
used to attach postage labels. The Potato disease is 
caused by a minute fungus which usually attacks the leaf 
in the first place, rapidly descending to the tubers. The 
starch of diseased tubers, while it remains, is perfectly 
wholesome. 

Cayenne pepper is the ground seeds of species of 
Capsicum, 

The fruits of the Aubergine {Solanum Melongend) and 
Tomato {Lycopersicum esculentum) are used in cookery. 
The berry of Winter Cherry may be safely eaten ; it is 
cooked in Spain and Germany, 
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47. Natural Order — Scrophulariacese. The Scrophu- 
laria Family. 

Distribution. — Widely diffused through both hemi- 
spheres, from the arctic zone to the equator. — British 
genera 13, species 50. 

Herbs. Corolla irregular. Stamens fewer than corolla-lobes 
(except Verbascum), Ovary 2-ceUed. 

Type — Common Toadflax {Ltfiaria vulgaris). 

An erect perennial herb, with numerous alternate narrow 

entire leaves, and a terminal raceme of irregular yellow 

flowers. 



Origan. 


No, 
5 

5 

4 

3 


Cohesion. 


Adhesion, 


sepals. 


Gamosepalous. 


Inferior. 


Corolla. 
petals. 


Gamopetalous. 


Hypogynotis. 


Stamens. 


Didynamous. 


Epipetaloiis. 


Pistil. 
car/els. 


Syncarpcus. 


Superior. 


Seeds. Indefinite in each cell of ihe capsule. 



Observe the spurred corolla oi Linaria; there is nor- 
mally one spur, but the corolla occasionally becomes 
5-spurred and regular. Such regular forms of corollas, 
normally irregular, are termed Peloria, 

Compare, as to form of corolla : — Speedwell ( Veronicii)^ 
in which it is 4-partite, nearly regular and rotate ; Mullein 
( Verbascum\ 5-partite and rotate ; Foxglove {Digitalis), 
inflated-tubular ; Snapdragon {Antitrhinum), bilabiate 
and personate; Lousewort {Pedicularis\ bilabiate and 
ringent (gaping) ; Garden Calceolaria, calceolate or 
" slipper-shaped." 

Compare, as to number of stamens :— Speedwell, 
diandrous ; Toadflax, didynamous ; Figwort, also didy- 
namous, with a rudimentary fifth stamen (staminode) 5 
Mullein, pentandrous. 
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A partial parasitism occurs in some species allied to 
the Rattle {Rhiuanlkus) and Eyebrighc (Euphrasia), as 
may be ascertained by carefully washing away the soil 
from the roots. When raised from seed, apart from the 
plants upon which they prey, though capable of germina- 
tion they do not grow more than an inch or so in height, 



and produce but one or two flowers. It is not precisely 
ascertained whrit amount or kind of nourishment the 
nurse-plants yield. Cow- wheat (Melampyrum), Eye- 
bright, Bartsia, and Rattle are suited to experiment 
upon with a view to further information. 

The Family includes very few useful plants, though 
many are highly ornamental and common in cultivation, 
as Calceolaria, Pentstemon, Snapdragon, Monkey-flower 
and Musk (Mimulus), Speedwells, &c. Foxglove is very 
poisonous, and is used in medicine ; a yellow dye is 

O. B. o 
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obtained from common Toadflax, and from some 
Calceolarias. 

48. Natural Order — Labiatae. The Labiate Family. 

Distribution. — Numerous in every quarter of the 
globe ; especially so in proportion to other Natural 
Orders in the ^lediterranean region. — British genera 18, 
species 44. 

Herhs. Corolla irr^ular. Stamens fewer than corolla-lobes. 
Ovary 4-lobed, Style from between the lobes. 

Type — ^White Deadnettle {Lamium allmm), 

A coarse perennial herb, with square stem, opposite 

exstipulate leaves, and axillary cymes (forming 'verti- 

cillasters) of bilabiate white flowers. 



Organ, 


1 
5 

5 

4 

a 


Co/tcsion. 


Adhesiem, 


Calvx. 
sepah. 


Gamjsepalcus. 


InFezior. 


Corolla. 
petals. 


Gam}petaloiis. 


Hypcgirncus. 


Stamens. 


Didynamons. 
Syncarpou& 


Epipetalous. 


Pistil 
carpels. 


Superior. 


Seeds. 


One in 


each of the 4 nut: 


» of the fruit. 



Observe the square stem and invariably opposite 
lea^'es of the Order, w^hich derives its name from the 
characteristic form of the corolla of its members. It is 
irregular and usually two-lipped ; hence called locate or 
tila^iate. 

From those Scrophulariaceae which have a similar 
corolla. Labiates may be distinguished by the ovary, 
which is 4-lobed as in Boragineae, each lobe with i ovule, 
and by the gynobasic st^le. Labiates differ from Borages 
in the stamens being fewer than the lobes of the corolla, 
and in the characters of the stem and leaf referred to 
above. 
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Observe, also, the stamens of Sage {Salvia), remark- 
able for the great length of the connective— the portion of 
the anther connecting the pollen-containing lobes. In 
LabiatK the connective is usually dilated, so that the 
anther-lobes, instead of being parallel, are divergent at 
the base, or even in a straight line, as in White Dead- 
nettle ; but in Salvia this dilatation is carried to such an 
excess that the connective becomes mich longer than the 



Fir~ 133.— Ef ipeUlQus stsmcD < 
5ag», BhowW the very she 
filament and long (dist»ctil 

two suppRSKd stamens are a] 



filament, for which it is apt to be mistaken ; one of the 
separated anther-lobes becoming more nr less abortive. 

None of the Order is hurtful, and many species are 
aromatic, from the presence of essential oil contained in 

C lands immersed in the tissue of the leaves. The oil may 
e separated by dt!:t illation. In this way Oils of Pepper- 
mint, Lavender, Thyme, and Rosemary are obtained," 
Lavender-water is prepared by dissolving the Oil of 
Lavender in spirits of wine. Many Labiates are 
valuable kitchen-herbs, as Mint {Mentha), Penny-royal 
{Mentha Pulegium), Marjoram {Origanum), Thyme 
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(Thymus)y Sage {Salvia), Basil (Ocymufn)y Savory 
\Saiureia\ and Balm (Melissa), 



49. Natural Order — Verbenaceae. The Vervein 
Family. 

Distribution. — diefly tropical and sub-tropical in 
both hemispheres. — One British genus, species i. 

Type — Common Vervein (Verbena officinalis). 

An erect perennial herb, with opposite toothed leaves, 
and small flowers in terminal slender spikes. 



Origan. 


No. 
5 


CohesioH. 


Adhesion. 


Calyx. 
sepals. 


Gamosepalous. 


Inferior. 


Corolla. 1 
petals. 


i 
■ 5 


Gamopetalous. 


Hypogynous. 


Stamens. 


1 4 

2 


Didynamous. 


Epipetalous. 


Pistil. 
carols. 


Syncarpous. 


Superior. 


Seeds. Solitary in each cell of the fruit. 



Observe the corolla and didynamous stamens, as in 
Labiates, associated with a 4-celled, consolidated or entire 
ovary with a terminal style. 

The Family is represented by a solitary species in 
Britain, referred to here principally because of its close 
affinity to Labiates. 

Very few species are of economic importance. The 
Teak (Tectona grandis\ an Indian forest-tree, furnishes a 
most valuable timber, used in ship and railway-carriage 
building. 

Several Verbenaceae are highly ornamental and favourite 
garden and hot-house plants, including the garden Ver- 
benas, — cultivated varieties of one or two South American 
species. 
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50. Natural Order — Plumbagineae. The Lead wort 
Family. 

Distribution. — Affecting maritime, saline, or alpine 
situations, principally of temperate regions of the Old 
World. — British genera 2, species 5. 

Herbs. Styles 5. Ovary i -celled. 

Type — Common Thrift {Armeria vulgaris). 
A low perennial, with tufted woody stock, rosulate linear 
leaves, and pedunculate capitate flowers. 



Organ, 


No. 1 

1 

1 
5 


Cohesion, \ Adhesion, 


Calyx. 
sepals. 


Gamosepalous. 


Inferior. 


Corolla. 
petals. 


5 
5 

5 


Polypetalous. 


Hypogynous. 


Stamens. 


Pentandrous. 


Subhypog^yaous. 


Pistil 
carpels. 


Syiicarpous. 


Superior. 


Seeds. \ 


Solitary in a z-ceiled capsule. 



N.B. — The petals may be found slightly cohering, and 
the stamens adherent to the base. of the petals, to which 
they are opposite. 

Observe the i -celled ovary, with 5 styles, containing a 
single, suspended ovule. 

51. Natural Order — Plantagineae. The Plantain 
Family. 

DiSTRiBUTiON.~A small widely-dispersed Order. — 
British genera 2, species 6. 

Herbs. Calyx polysepalous (sepals 4). Corolla 4-lobed. 
Stamens 4. Style I. Ovary 1-2-4- celled. 

Type — Plantain (Plantago major). 
Herb, with tufted broad radical leaves, and long 
pedunculate spikes of small greenish flowers. 
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Organ. 


^'o. 


Cohesion. 


Adhesion, 


Calyx. 
sepals. 


4 
4 


Poiysepaloui. 


Inferior. 


Corolla. ' 
Petals. 1 


Gamopetalotis. 


Hypogynous. 


Stamens. 


, 4 


Tetrandrous. 


Epipetalous. 


Pistil. 
carpels. 


2 


Syncarpous. 


Superior. 


Seed.s. i 


I to 8 


in each cell of the capsule. 



Observe the dry and membranous {scarious) corolla : 
the transverse dehiscence of tlie capsule. 

Some of the species are subject to a monstrous condi- 
tion of the inflorescence, the bracts becoming foliaceous, 
or flowering branches being substituted for some of the 
flowers. 

The seeds of Plantain are a favourite food of cage- 
birds ; Ribwort Plantain {P. loftceolatd) is a common 
plant of pastures. 



Sub-class, In:ompletae. Division^ Monochlamydeae. 



52. Natural C?rrt^^^— Chenopodiaceae. The Goosefoot 
Family. 

Distribution. — Generally dififused through both hemi- 
spheres, though many of the genera affect saline situa- 
tions, especially in temperate Asia. — British genera 6, 
species 19. 

Herbs. Stipules o. Stamens opposite to the perianth-segments. 
Ovary I -celled with i erect ovule. 

Type — White Goosefoot (Chenopodium album). 

An erect somewhat mealy annual, with alternate toothed 

or entire leaves, and dense interrupted spikes of small 

green flowers. 



CHENOPODIACE.E. 



Oysan. 


N«. 




l'^^ 


s 




Inferior. 


Slamens. 


s 


Pernand,™,. 






,or, 


Syucaipous.* 


S„p..L.. 





Observe the 2 accrescent (enlarging after flowering) 
braeteoles, apparently replacing the perianth in the pistil- 
late flowers of Orache {Alriplex) : the stamens opposite 
to the segments of the perianth in the type. 



FiQ. 134.— Vtrtical stclion of flower of Goosefoot (CAiflp/WiBW). 

Several species are cultivated, as Mangold Wurzel and 
Beet, both varieties of Beta vulgaris, an herb growing 
wild on our shores. In France and Central Europe Beet 
is extensively cultivated for the sake of the sugar con- 
tained in the saccharine juice of the root. One ion of 
Beet-root is reckoned to afford 100 lbs. of raw, or 55 lbs. 
of refined sugar. 

Garden Spinach is Spinada oleracea. Wild Good- 
King-Henry {Chenopodium bonus- Henricus) and Garden 
Orache (Atrtpiex horiensis) are also used as pot-herbs. 

• When there is no indication in the fully-grown pislil of 
the number of carpels which compose it, its apocarpous or 
syncarpous nature caji be oscert^ned only by a study of its 
development. 
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The mealy seeds of C Quinoa form an important article 
of food on the slopes of the Peruvian and Chilian Andes, 
but it is said to be less productive than Buckwheat {Poly- 
gonum Fagopyrum). Artificial Shagreen used to be made 
by pressing a piece of leather upon the seeds of White 
Goosefoot so as to raise a warted surface. 

From the ash (called Barilla) of species common upon 
the sea-shore, as Glasswort {Salicornia herbaced) and 
Saltwort (Sahola Kalt), carbonate of soda used formerly 
to be obtained. 



53. Natural Order — Polygonaceae. The Knotgrass 
Family. 

Distribution. — In both hemispheres, from the arctic 
zone to the equator. — British genera 3, species 22. 

Herbs, with sheathing stipules. Ovary i-celled with i erect 

ovule. 

Type — Bistort {Polygonum Bistortd), 

Herb with perennial stock, petiolate radical leaves, and 
erect simple stems bearing dense terminal spikes of pale 
pink flowers. 



Organ, j 


No. 

5 

8 


Cohesion, 


Adhesion. 


1 
Perianth. 
leaves. 


Gamophyllous. 


Inferior. 


Stamens. 


Octaudrous. 


Epiphyllous. 


Pistil. 
carpels. 

t 


3 


Syncarpous. 


Superior. 


Seeds. Solitary in a x-celled nut. 



Observe the sheathing, membranous stipules charac- 
teristic of the Order : the trimerous symmetry (character- 
istic of Monocotyledons) of Rhubarb {Rheum) and Dock 
{Rume}c\ and the enlargement of the 3 inner segments 
of the perianth after flowering, in these genera : the 
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dioecious flowers of Sheep-sorrel {Rumex Acetosella and 
R, acetosa). 

Rhubarb of greengrocers is the succulent acid petiole of 
a species of Rheum. Eastern species of the same genus 
afford the root used in medicine as Rhubarb. 

Buckwheat {Polygonum Fagopyruin) has been long cul- 
tivated in temperate countries for its farinaceous seeds, of 
which a useful bread is made. It is planted in England 
for feeding game and poujtry. 



54. Natural Order — Thymelaceae. The Daphne 
Family. 

Distribution. — Chiefly confined to the Old World, 
and most nuii>erous in Australia and at the Cape of Good 
Hope. — One British genus, species 2. 

Shrubs. Ovary I -celled, with i pendulous ovule. 

Type — Spurge Laurel {Daphne Laureola). 

An erect little-branched shrub, with shining evergreen 
entire leaves, and clustered greenish flowers. 



Organ. 


\No. 

1 

4 
8 

I 


Cohesion. 


Adhesion. 


Perianth. 
leaves. 


Gamophyllous. 


Inferior. 


Stamens. 


Octandrous. 


Epiphyllous. 


PistU. 
carpels. 


Apocarpous. 


Superior. 


Seeds. Solitary, pendulous. 



Observe the tenacious liber-layer of the bark, charac- 
teristic of the Family : the highly-coloured perianth of 
some garden and greenhouse genera. 

The berries of Mezereon (Z>. Mezereum) are poisonous, 
and those of Spurge Laurel are also said to be poisonous 
to all animals ex€epting birds. From the liber of D. 
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pa^racea of the Himalaya a coarse, but very tough, 
paper is nuide. t^getta liniearia is the Jamaica Lace- 
bark tree, the hber of which may be separated into many 



- Euphorbiaceje. The Spurge 

Distribution.— A very lat^e Natural Order, widely 
dispersed in both hemispheres ; most numerous in tropi- 
cal and subtropical regions. — British genera 3, species 15. 



Type — Perennial Mercury {Mercurialis perennis). 
An herbaceous perennial, with opposite simple leaves, 
and dicecious axillary loosely spicate flowers. 



EUPHORBIACE^. 



Or,... 


A-., 


c^r.:.... 


^J.„,™. 


P.riajiih. 


1 Polypbjllous. 

3 1 


Inf«ior. 


i,Svmeas. 


,-<= 






a. Pistil. 


o 


o 


o 


9.SBm<„i. 


o 


o 


° 


9.K»il. 


, 


S,„c.,p™. 


Superior. ■ 


Se«U. 


On«i 


ea.h«„,=lbu„i„o.. 





N.B,— In the pistillate flowers there are two filaments, 
but no anthers. 

Most of the British species of the Order belong to a 
distinct type, the genus Spurge (ia/^CMSw), characterised 



by achlamydeous, moncecious flowers. The s 
flowers are monandrous, and the ovary of the pistillate 
flower consists of 3 carpels. One pistillate and several 
staminate flowers are collected within a small involucre, 
bordered by marginal "glands," which may be mistaken 
by beginners for petals or c^yx-lohes. A joint some 
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distance below the anther of each sCaminate flower indi- 
cates the point where the filament joins the pediceL At 




this node, 
developed. 



I allied genus, a partial perianth i 



Observe the milky juice of (he Spurges {Euphorbia), 
which is dangerously poisonous in some species, and is 
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used by barbarous African tribes to poison their weapons. 
The milk of a species of He-vea, Brazilian trees, yields 
the best Caoutchouc exported from Para, It flows from 
wounds in tlie bark, and is allowed to dry over moulds of 
clay, the clay being washed out when the " India-rubber " 
is sufficiently stifiened. Upwards of 158,000 cwts. of 
Caoutchouc were imported into the United Kingdom in 
1877, It must be borne in mind, however, that this pro- 
duct is afforded by several other plants besides Siphonia ; 
especially by a species of Fig {Ficus) in India. 

Gutta-percha is the similar product of an Indian tree 
belonging to an Order (Sapotacese) not represented in 



Britain. Upwards of 26,000 cwts. of Gutta-percha were 
imported in 1877. 

Cassava, or Mandiocca Meal, an important article of 
food in the Tropics, especially of South America, is 
afforded by species of Manihot. The juice of one of the 
Cassava-producing species (jJ/. utilissima) is a virulent 
poison : this is removed from the root by washing, after 
It has been grated. Tapioca is the line starch which 
settles down from the water used to wash Cassava, It is 
granulated upon hot plates. The roots of the Bitter 
Cassava weign from 30 lbs. to 40 lbs., and the crop is 
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said to be one of the most productive yielded by any 
food-plant. 

Several species afford important drugs, as Castor Oil, 
obtained fircun the seeds of Ricinus, and Croton Oil, from 
the seeds of Croton Tiglium. African Teak (Oldfieldia) 
and the Box {Buxus) yield valuable wood; the latter 
furnishing the blocks used by wood-engravers, for whose 
purposes its close texture and hardness eminently fit it. 
It is native in South and South-Eastem Europe, and 
grows in some wild situations in England, but it may have 
been introduced long ago to the latter. 

56. Natural Order— XJTticacese. The Nettle Family. 

Distribution. — Cosmopolitan, but most numerous 
between the Tropics. — British genera 3, species 5. 

Stinging herbs. Flowers unisexual. Ovary i-celled, with i 

erect ovule. 

Type — Small Nettle {l/rfica urens). 

An annual herb, with opposite simple leaves, stinging 
hairs, and axillary clusters or spikes of small monoecious 
flowers. 



Organ. 


1 

■■ No. 

1 


Cohesion. 


Adhesion. 


Perianth. 
leaves. 


1 
1 

\ * 

! 4 
j 

! 

1 

! X 

r 


Polyphyllous. 


Inferior. 


S , Stamens. 


Tetrandrous. Hypogynous, 


(J, Pistil. 


• 


9 > Stamens. 





9 , Pistil. 
carpel. 


Apocarpous. Superior. 

1 
1 
1 


Seeds. Solitary in a i-celled achene. 



Observe the stamens opposite to the leaves of the 
perianth, and their elastic filaments, flying back when 
released by the expansion of the flower. 
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The bark of some species of the Nettle Family affords 
a.n invaluable fibre, especially that of the Hemp-plant 
Cannabis sativdj, which has been cultivated from a remote 
period, in temperate climates, for its fibre. It is recorded 
as having been under culture 2,500 years ago. The fibre 
is obtained in the same way as Flax. In India, Hemp is 




grown chiefly for the sake of a narcotic, intoxicating gum- 
resin, called Churras, exuded by the leaves and stem. 
The dried leaves and twigs are smolted. 




Chinese Grass-cloth fibre is yielded by a slingless 
Nettle of Eastern Asia {Boekmeria ni-ved). 

The Hop {Humultts Lupulus) is remarkable amongst 
the Nettle Family for its twining stem. The bracts of 
the inflorescence become enlarged under cultivation and 
covered with minute glands, containing a bitter gum-resin 
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(allied to the Ckurrns of Hemp), which is used to impart 
flavour and a preserving quality to beer. 

Other important exotic species belonging to Urticacese 
in its widest sense are : 

Mulberry {Moiits nigra and M. alba), the leaves of 
which furnish the food of the silkworm. It is grown 
extensively both in the Soutb of Europe and in Asia. 
The fruit ought to be carefully examined. Although 
resembling a cluster of drupels when ripe, as in Black- 
berry, it is an aggregation of several fruits, as explained 
previously (page 85). 




The Paper Mulberry {Broussonetia pdPyrifira) fur- 
nishes to the Polynesian Islanders the useful Tapa cloth, 
which is fabricated from its fibrous bark by beating and 
scraping. The cloth is stamped with patterns in various 

The Fig (Ficus Carica), the familiar fruit of which is 
described at page 86. Some Eastern species afford 
India-rubber, as F. elastica. F. indica is the celebrated 
Banyan tree, remarkable for the enormous extension of 
its crown by means of adventitious roots which are 
thrown down from the boughs. A single tree may thus 

Bread-fruit, the staple food of the South Sea Islanders, 

is yielded by Artocarpus incisa. 



The celebrated Upas {Antiaris toxicaria), of which 
absurd stories were Mlievcd a century ago, is a native of 
Java. The juice is poisonous, and was, formerly used by 



,1. -Section of common Fig iFicm CarimX showing ih= cr 
inau flowei : lo Ihc liglil:, a pistiUiu llDWer. 



the natives lo poison their arrows, but the s 

the effect produced upon creatures approaching the ti 

are fabulous. 



57. Natural Ori^r— UlmacCE. The Elm Order. 

Distribution.— A very small Order, nearly confined 
to the north temperate zone, though common to both 
hemispheres. — One British genus, species 2, 

Trees. Flowers perfect. Ovity 2-celled. Fruit winged. 

Type— Wych Elm {Ulmus men/ana). 
A large deciduous tree, with alternate simple roughish 
leaves, precocious hermaphrodite flowers, and winged 

O.B. P 
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Organ. 


No. 

5 
5 

2 


Cohesion. 


Adhesion. 


Perianth. 
leaves. , 


Gamophyllous. 


Inferior. 


Stamens. 


Pentandrous. 


Epiphyllous. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Solitary, pendulous, exalbuzninous. 



The ovary is 2-celled, but one cell is suppressed as the 
fruit matures. 

The timber of old Pollard Elms is valuable for orna- 
mental cabinet-work, on account of the knots in the 
wood, due to numerous arrested adventitious buds. The 
wood of English Elm is suited for works which are 
constantly wet. 

58. Natural {?r^<?r— Corylaceae. The Hazel Family. 

Distribution. — Principally confined to the north 
temperate zone, and the mountain ranges of intertropical 
countries of both hemispheres, Africa excepted. — British 
genera 4, species 4. 

Trees, Flowers monoeciou.s. Ovary inferior, 2- or more-celled. 

Fruit I -celled, i -seeded. 

Type — Common Hazel (Corylus Avelland), 

A low deciduous tree, with monoecious flowers (the 

male in catkins) appearing before the alternate simple 

stipulate leaves. Fruit a nut. 



Organ, 


No. 

? 

8 


Cohesion. 


Adhesion. 


9 , Perianth. 
leaves. 


Gamophyllous. 

• 


Superior. 


S, Stamens. 


Octandrous. 




9, Pistil. 
carpels. 


3 


Syncarpous. 


Inferior. 


Seeds. Solitary, exalbuminous. 
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in calldos, the pisdllau Sowi 



N.B. — The male flowers are arranged in pendulous 
catkins, each flower consisting (apparently) o( 8 stamens 
inserted in the axil of minute bract-scales. 

The female flowers are coileeted in small heads sur- 
rounded by several scale-like bracts, from which the 
crimson stigmas project in early spring. The pollen is 
conveyed to these, but the ovules are stated not to be 
formed until some weeks latei. 
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Corylacae, together with Salicaceae and Betulaceae, are 
grouped together by some botanists in a single Family, 
called Amentaceae, on account of their characteristic 
form of inflorescence^ especially of the staminate flowers. 




Fig. 155. — ^Transverse section of 2-celIed ovary of HazeL 

which are arranged in catkins or aments^ that is, in spikes 
which fall away when the flowers are withered or the fruit 
has ripened. 

Observe the limb of the perianth of the female flower, 
usually reduced to very minute teeth, surrounding the 
base of the style : in some species, as the Hazel, it is 
almost obsolete. Note, also, the usual abortion in the 
Order of all the cells of the ovary excepting one, so that 
the fruit is i -celled, and contains but a single seed, 
as the Acorn of the Oak, Chestnuts, Hazel-nuts, and 
Beech-nuts. 

Compare the cupule (involucre) of Oak (Quercus)^ con- 
sisting of numerous minute consolidated bracts, contain- 
ing a single fruit ; Beech {Fagus\ separating into 4 
valves, and containing 2 fruits ; Chestnut {Castanea\ 
spinose, with 3 or more fruits ; Hazel {Corylus\ con- 
sisting of about 2 leafy accrescent bracts, which overtop 
the single nut ; and Hornbeam {Carpinus)^ a 3-lobed 
bract, subtending a single nut. Compare, also, t\iQ fruit 
of Chestnut with the seed of Horse Chestnut {^scuius^ 
page 141). . . 

The Family of Corylaceae is of high importance from 
the valuab'e timber-trees which it includes. Foremost 
amongst them is the Oak (Quercus Robur\ the wood of 
which is more tenacious, elastic, and durable than that 
of any other indigenous tree. Its bark abounds in 
astringent principles, which render it valuable for tanning 
purposes, the tannin of the bark uniting with the gelatine 
of hides to constitute leather. The acorn-cups (cupules) 
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of the Valonia Oak {Q. Ailgilops) are also very'astringent, 
and are imported in large quantities for the use of tanner^ 
and dyers. In 1871, 27,706 tons were imported. From 
the gallic acid contained in the wood, the timber of the 
Oak is apt to become black when immersed in water 
containing salts of iron, which, combining with the gallic 
acid, form a natural ink. Hence the frequent blackness 
of bog Oak, and the black stains around iron nails and 
bolts driven into Oak timber. 

Tannin and gallop acid^ used in ink* making and for 
photographic purposes, are chiefly obtained from the 
galls produced upon the leaves and twigs of Q. infectoriay 
in Asia Minor. Similar (smaller) galls, called "oak- 
apples," are very common upon the leaves of common 
Oak. The galls are excrescences, caused by the punc- 
ture of different species of Cynips^ — small flies which lay 
their eggs beneath the epidermis, and, in some way not 
well understood, induce the abnormal development of 
tissue forming the gall. 

Decaying branches of Oak are occasionally stained a 
verdigris green by a fungus {Peziza osru^inosa). This 
stained wood is used for fancy work at Tunbridge Wells. 

Two species (or rather varieties of one species) of Oak, 
differing in the length of time required to mature their 
acorns, afford cork,. so largely used in making bottle- 
corks and bungs. The species are Q, Suber^ ripening its 
acorns in the first season, and growing in the South of 
France, Spain, and Algeria, and Q. occidentalism a native 
of the Atlantic side of France and Portugal. Cork is 
the outer bark, removed from the tree at intervals of from 
six to ten years after it has attained about thirty years of 
age. Cork previously collected is of inferior quality. 
The bark is heated, flattened underweights^ and allowed 
to dry slowly. It is said that the operation of removing 
the cork favours the healthy growth of the tree. 

Division, Achlamydeae. 

59. Natural Or^J5?r— Betulaceae. The Birch Family. 

Distribution. — Almost wholly confined to the cooler 
parts of the north temperate zone in both the Old and 
New World. — British genera 2, species 3. 
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Trees. Flowers monoecious. Ovary 2-celled. 

Type — Common Birch {Betula alba). 

A deciduous tree, with laminated white papery bark, 
slender twigs, alternate simple leaves, and amentiform 
inflorescence. 



Organ, 


So. \ Cohesion. Adhesion. 


S, Stamens. 


8-12 o 1 • o 

1 


9 , Pistil 

carpels 1 

1 


1 Syncaipous. 

2 ! 


O 


Seeds. Solitary in each winged fruit. 



N.B. — Both the staminate and pistillate flowers are 
arranged in short cylindrical catkins. The scales of the 
fruit-catkins of Birch fall away from the axis of the 
catkin, but in Alder {Alnus) they are woody and remain. 

This small Family includes but two genera, Birch and 
Alder ; the former prevalent in high latitudes, penetrating 
beyond the Arctic circle. 

The laminated bark of a Canadian species of Birch 
(B, papyraced) is much used for household purposes, and 
with the quills of the North American porcupine and 
dyed hair of the mouse deer it is worked up into various 
ornamental articles by Indian tribes. 



6o. Natural (7n^r— Salicaceae. The Willow Family. 

Distribution.— An Order of but two genera. Chiefly 
confined to the north tempemte zone of both hemi- 
spheres ; especially affecting Alpine and Arctic regions. — 
British genera 2, species 18. 

Trees or shrubs. Flowers unisexual. Ovary i -celled, 
ovules basal or parietal. 

Type— Sallow Willow {Salix Capred), 
A low deciduous tree, with alternate simple stipulate 
leaves and dioecious amentaceous flowers. 
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Organ. i 


-vj o*,,,™. 


Al^„.. 


i. S«dl,=„>.| 




o 


'^^S. j 


_[s„^. i • 1 


?,S«ds. Sev™l,«chwiiln tuft of hairs. ] 



N.B. — Both staminate and pistillate flowers are borne 
in catkins, each flower in the axil of a minute scale-like 
bracteole. The flowers are destitute of a fieriantb in 
Willow {Salix), but in Poplar (Fopttlus) a small perianth 



Fio. 156. -Mile Howw Fic. 157. -Female FiG. is8.-S«d of 

Observe the i-celled ovary, parietal placentation, and 
the downy aril of the seeds in the Type. 

Cuttings of Willow throw out adventitious roots with 
great freedom, and are consequently easily propagated. 
In this way the Weeping Willow, of which only pistillate 
trees are in cultivation, has been widely distributed. It 
is supposed that all the individuals of this Willow have 
originated from a single parent tree. 

The twigs of several species of Willow (Osiers) are used 
in basket-making, and from the wood of the Sallow char- 
coal is chiefly prepared. 
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CLASS II.— Monocotyledons. 

Sub-class, Spadiciflorae. 

61. Natural On/^r— Aroideae. The Arum Family. 
Distribution. — ^A large Family, most numerous in 
tropical and sub-tropical countries, — British genera 2, 

species 2. 

Herbs. Flowers upon a spadix. 




Fig. 160. — Barren pistillate flower 
of same. 



si. 



Fig, 159. — Spadix of Arum. si. 
sumens ; h. si. rudimentary sta- 
mens; /. instils; b. p. barren 
pistils. 




Fig. 161. — Single stamen of same, 
constituting a naked, monandrous 
flower. 



Tvpe— Common Arum {Arum maculatuni). 
Herb with tuberous stock (corm), radical sagittate 
leaves 'and numerous unisexual achlamydeous flowers 
upon a succulent spike (spadix), sheathed by a large 
membranous bract (spathe). 
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CM<«™. 


1 A, 
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Monaadrous. \ o 
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In Marsh Calla {Catta fialuslris), a common plant in 
the north of Europe, the flowers are perfect, each con- 
sisting of a pistil surrounded by about 6 stamens. In 




Fic. iCj. — Flower dC Oron- 

Orontium the pistil and stamens are enclosed by a six- 
leaved perianth. 

Observe the extremely short and thick rhizome of 
Arum, distinguished as a corm, containing much starch, 
fotmerty collected in the Isle of Portland as "British 
arrowroot," and sold at Weymouth at eightpence per 
pound : the leaves, net-veined as in Dicotyledons. 

The large tubers of Colocasia aHtiquorum are cultivated 
in tropical countries, and eaten like Yams ; they all 
contain, as docs Arum, an acrid juice, which is removed 
. in coolting. 

Calla (Richardia) jSthtopica, a South African plant, 
resembling the European Marsh Calla on a large scale, 
with a beautiful white, fiinnel-like spalhe, is very commonly 
grown in parlour-windows. 

63. Natural Order— Lemnacea:. The Duckweed 
Family. 

Distribution.— Waters of the northern hemisphere, 
rare between the Tropics. — One British genus, species 5. 
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Type— Lesser Duckweed {Umna i/iiiior). 

A floating plant, consisting of minute green fronds 
bearing flowers in fissures of their margins. 

The flowers are of extreme simplicity, consisting of a 
small membranous spathe, enclosing 2 stamens and a 
single carpel. Some regard each stamen as representing 
a distinct male, and the carpel a female flower. 

Five species are native, one of which (Z. polyrhiza) has 
been very rarely (? but once) observed in flower in Britain. 



Fig i6i—Inflotccceace of Duckweed. 

The flowers of the common species are frequently over- 
looked, from their minuteness. 

Examme, with a lens, the tips of the slender roots of 
any Duckweed. They are covered by a highly developed 
modification of the cellular sheath, described at page 2. 

63. Natural tJri&r— Naiad e£e. The Pondwegd Family. 

Distribution. — Cosmopolitan aquatics, occurring both 
in fresh and salt water. —British genera 5, species 14. 
tloaling or submei^ed plants. Perianth o or 4-leaved. Pistil 

Type— Floating Pondweed {Potamagelon natam\ 

An aquatic herb, with floating oblong or elliptical 

op que p etiolate stipulate leaves, and dense pedunculate 

spikes of minute flowers. 
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Organ. 




Cohesion. 


Adlieshn. 


Perianth. 
leaves. 


Polyphyllous. 1 Inferior, 

! 


Stamens. 


4 


Tetrandrous. 


Hypogynous. 


Pistil. 
carpelt. 


4 


Apocarpous. 


Superior. 


Seeds. S 


olitar^ 


^ in each achene, exalbuminous. 



Observe the sheathing axillary stipules of Pondweed : 
the tubular pollen-grains, destitute of an outer .coat 
{extine\ of Zostera, a plant with narrow, ribbon-like 
leaves, growing in the sea near low-water mark : the 
exalbuminous seeds of the Family. 

It is remarkable that most of the Orders of Monoco- 
tyledons of aquatic habit are destitute of albumen in their 
seeds. 

. Allied to the Pondweeds is the rare Lattice-leaf {Ouvi- 
randra fenestralis) of Madagascar, the cellular tissue of 
the leaves of which is so reduced that open spaces occur 
between the veins, which form a delicate network 
resembling a " skeleton-leaf." 



From the extreme importance to mankind, the number of 
species, and majestic aspect of the Palms, a short notice of the 
Order to which they belong (Palmacese) is needful here, 
although none occur in Britain, and but a single species, the 
Dwarf Fan Palm Chamarops humilis), is native in Europe. 

Palms are perennial Monocotyledons, either arborescent, 
rising sometimes to a height of 100 or 200 feet, or acaulescent 
(having no apparent stem), with a short or prostrate rhizome. 
The stem is rarely branched, growing only by its terminal bud. 
A cross-section of the stem is well adapted to show the irregular 
arrangement of the isolated vascular bundles characteristic of 
Monocotyledons. The leaves form an immense crown, termi- 
nating the stem, and are often, singly, many feet in length. They 
are usually either of the radiate- or penni-veined type, though 
some are intermediate between the two forms. The flowers are 
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arranged up>on a spadix, sometimes many feet in length, en- 
closed, at least at first, in a large spathe, similar to that of 
Arums, though often hard and woody. The flowers are small 
and sessile upon the branches of the spadix, consisting of a 6- 
leaved or 6-lobed perianth, usually 6 stamens, and a tricarpellary 
pistil. Many of the species are dioecious or polygamous. The 
fruit is very variable both in structure and size. Compare, for 
example, that of the Cocoa-nut Palm, the Date Palm, and Vege- 
table-Ivory Palm. The seed is albuminous, and often solitary 
in the fruit when it is i -celled by abortion. 

As in other Monocotyledons, no tap-root is produced when the 
seed germinates ; so that, in order to secure stability to the tall- 
growing stem, the cotyledon (one extremity of which remains 
in the seed to absorb the relatively abundant albumen) sometimes 
lengthens downwards into the soil to a considerable depth. 

Amongst the more important species are : — 

The Date Palm {Phoenix dctctylifera)^ invaluable to the desert 
tribes of Northern Africa, serving as the staple food both of 
themselves and of their cattle. The pericarp is fleshy and sweet. 
The minute embryo may be found on scraping the back of the 
seed with a knife, near the middle, embedded in a cavity in the 
horny albumen. 

Cocoa-nut Palm {Cocos nuci/era). The large seed is contained 
within a thick pericarp, the outer layers of which are fibrous, 
affording ** coir fibre,** used for mats, brushes, and the like. The 
inner layer of the pericarp {endocarp) is hard and bony, forming 
the shell, which the natives of tropical shores, where the Cocoa 
Palm grows, carve into various utensils and ornaments. The 
coat {testa) of the seed is very thin and not separable from the 
inner surface of the endocarp, unless the nut be dried near a fire 
for a few davs, when the seed may be taken out entire. A crack 
may be carried round the shell in any direction by turning the 
nut in the left hand and applying smart blows with a hammer, 
two or three times all round, in the direction in which it is re- 
quired to split The minute embr}'0 is concealed in a cavity im- 
mediately beneath one of the three ** pores " near to the bottom 
of the shell. An oil used in candle- and soap-making is obtained 
from the seed by pressure : 194,000 hundredweights of it were 
imported in 1877. The juice which flows from wounds in the 
spadix of this and some other Palms is collected, fermented, and 
used as a beverage called arrack or toddy. 

Coquilla nuts and Pia9aba fibre are afforded by a South 
American Pa]m, Attalea funifera. The endocarp is the part 
used by turners to make toys and trinkets. It is very hard and 



takes a high polish. A fibre, tesembling whale-bone, separates 
from the mare^ns of old leaves. 

Vegetable Ivory is the hard albumen of the seeds of Phytde- 
thas macrocarpa. 

The Oil Palm [Eldis guiniensis) of West Africa affords Talm- 
oil, used in the manufacture of soap and caudles. The oil is 
obtained from the fruits. 885,138 hundredweights of the oil 
were imported in 1877. 

Sago is obtained from the farinaceous cellular tissue of the 
trunk of species of Sagus, growing in the East Indian Islands. 

Palm sugar is prepared from the juice of Fhcenix and Borassut 

Rattan canes are the long flexible slems of Indian species of 
Calamus, which resemble cordage stretched among the trees of 
their native Indian forests. 



Sub-class, Petaloide^. 
64. Na/ura! Order— A\\ims.cex. The AI ism a Family. 
Distribution.— A small but cosmopolitan aquatic 
Order. British genera 6, species 9. 

Perianth of 6 leaves. Pistil apocarpous. Ovary superior. 
Type— Water Plantain {Alisma Plantago). 



An erect aquatic perennial herb, with radical petiolate 
leaves, and unequal wborled peduncles forming a loose 
pyramidal paniclci 
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water in Water Plantain : the sepaloid outer and peta- 
loid inner perianth-leaves of Alisma : the stamens in three 
series (9 altogether) in Flowering Rush {Butomus\ and 
the anomalous placentation of the same species ; the 
numerous ovules not being confined to the ventral 
sutures of the carpels, but scattered over the entire 
walls. Arrowhead Sagittarid) differs from Alisma in 
having the flowers unisexual and monoecious. 



65. Natural Order — Hydrocharideae. The Hydro- 
charis Family. 

Distribution. — Another small cosmopolitan aquatic 
Order. — British genera 3, species 3. 

Floating or submerged Plants. Flowers unisexual. Ovary 

syncarpous, inferior. 

Type — Common Frogbit {Hydrocharis Morsus-rancs), 
Floating herb, with petiolate orbicular leaves, and 
dioecious pedicellate flowers. 



Organ. 


No. 

6 
3-12 

6 


Cohesion. 


Adhesion. 


Perianth. 
leaves. 


Gamophyllous. 


Superior. 


Sf Stamens.' 


Tri-dodecandrous 


Hypogynous. 


9, Pistil. 
cartels. 


Syncarpous. 


Inferior. 


Seeds. Several, exalbuminous. 



Observe the leaf-buds, about the size of small peas, 
formed by the plant in autumn. These develop separate 
plants in the following spring. Two or three buds thrown 
into a pond have speedily covered it with Frog-bit. 

The "New Water-weed" (Elodea canadensis)^ an 
American plant, was firat remarked in Britain in 181 7, 
but was a rare plant prior to 1848, since about which 
time it has become distributed with marvellous rapidity 
in the rivers, canals and ponds of the midland counties. 
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As pistillate flowers only are found, no seeds can be per- 
fected, so that the multiplication is solely by the breaking 
up of the plant into fragments, each fragment originating 
an independent plant. 

A South European species {Vallisneria spiralis), with 
long narrow leaves, is commonly grown in fresh-water 
aquariums. The small pistillate flowers rise, upon a 
slender peduncle, to the surface of the water in which 
the plant grows, reaching a great length when the water 
is deep. The stamiiwte flowers, on the other hand, are 
sessile near the root ; and when their pollen is ripe, they 
break off from Che plant and float to the surface, where 
they fertilize the stigmas. The leaves are well adapted 
for showing the "rotation" of the cell-sap under the 
microscope. 

66. Natural Oriier~U\\3.ctx. The Lily Family. 
Distribution. — A large Order, numerously repre- 



Fio. iSci— Valid K«ron of flower of Wild Tulip. 
Type—Wild Tulip {Tulifia sylves/ris). 



II.] 



LILIACEiE. 



225 



A bulbous herb, with i to 3 narrow lanceolate leaves, 
and a single terminal large yellow flower upon an erect 
scape. 



Organ. 


No. 
6 


Cohesion. 


Adhesion. 


Perianth. 
leaves. 


Polyphylloas. 


Inferior. 


Stamens. 


6 
3 


Hexandrous. 


Hypogynqus. 


Pistil. 
carpels. 


Syncarpous. 


Superior. 


Seeds. Indefinite, albuminous. 



This Order is a very large one, including many species, 
which deviate more or less from the above Type. As 
Sub-types, represented in Britain, observe : — 

1. Butcher's Broom {Ruscus aculeatus), (the only 
British monocotyledonous shrub), bearing dioecious 
flowers upon flat spinose branches, which would be 
taken for leaves were they not axillary productions, 
springing from the axils of minute scales, which repre- 
sent the true leaves. A young shoot is required to show 
the true scale-like leaves, as they wither very soon. 
Compare, with the leaves of Butcher's Broom, the 
scale-like leaves of Asparagus, bearing a fascicle of 
slender acicular branchlets {cladodid) in their axils. 
This plant grows wild upon some parts of the British 
coast. 

2. Herb Paris (Paris quadf ifolia), anomalous amongst 
Monocotyledons from the tetramerous symmetry (parts 
in fours) of the flowers. The perianth is, normally, 
double, with 4 leaves in each whorl, 8 stamens, and 4 
carpels. The parts of the perianth vary, however, from 
3 to 6. 

Observe the structure of the bulb, exhibited in a cross- 
section of Hyacinth or Onion, and of White Lily ; in the 
two former the scales are broadly overlapping (tunicate 
bulbs), in the last-named they scarcely overlap : the 
bulbels in the axils of the leaves of Lilium bulbiferum^ 
common in gardens ; these are capable of independent 
O.B. Q 
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growth, and, falling off, sen-e to propagate the plant In 
some species of Garlic (Allium) several of. the airested 
flower-buds become bulbels, which develop young plants 
in a similar way- 
Many of the Liliaces are highly ornamental and much 
prized as garden flowers. Tuii|w, the numerous species 



Tin. ijo.— Flower of WUte lily. 

of Lily, Hyacinths, the Crown Imperial, Asphodels, and 
Yucca or Adam's Needle, belong to the Order. 

Several useful products are derived from the Lily 
Family, including the drug Aloes, which is the dried juice 
obtained from the leaves of species' of ^/o« growing in 
Africa and the West Indies, and New Zealand Flax, a 
strong fibre, afforded by the leaves of Phormium. Unax, 
used for cordage, &c, 

67. Natural Order — Juncaces. The Rush Family, 
Distribution.— A small, widely-diffused, cosmopoMtan 

Order, a considerable proportion affecting cool or alpine 

localities, ^British genera 2, species 20. 

Herbs. Perianlh-leaves acarious ; stamens 6. Ovary superior. 
Type — Field Woodrush iLuzula campestris). 



An herb, with tufted grass-like leaves, and slender ei 
Items, bearing close heads of small, dry flowers. 
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Kid. i;i.— Venical Kdion of flower of I 

Sedges, but differ from them in possessing a complete 
six-leaved perianth. 

The wick of "Rushlights" is the cellular pith-like 
tissue of peeled stems of Rush {yuncus effiisus). Under 
the microscope this pith-like tissue exhibits beautifully 
star-shaped {sUllate) cells. 

68. Natural OriAr— Orchidaceas. The Orchid Family. 
Distribution.— Widely diffused through both hemi- 
spheres ; especially numerous in humid and warm regions. 
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A large portion of tropical species are epiphytal, — British 
genera 16, species 37. 

Herbs. Peiianth irregular. 

ancher gyimndro 



Fio. 171.— Flower of Spoiled Orchis. 

Type— Spotted Orchis (Orchis maculata), 

A succulent herb, with a lobed tuberous root, creel 

leafy stem, and densely spicate pale pink or white 

irregular (towers. 
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Observe tbepartial twisting of the ovary, which renders 
those parts of the flower which are really posterior appa- 
rently anterior ; the enlarged 3-lobed lip (labellum), the 
base of which is continued into a spur, containing a sweet 
fluid (nectar), sought after by insects ; hence ihe name 
nectary applied by Ihe older botanists to this and similar 
spurs : the single anther adherent to the pistil, consisting 
of two more or less parallel Jobes, opening in front lengdi- 
wise at an early period, and terminating below in a small 
round knob (the rostellum), which projects over the mouth 



of the nectary immediately above the viscid stigmatic 
surface. The adherent anther, together with the ros- 
tellum and stigma, constitute the column of the Orchis 

Each anther-lobe contains a pollen-mass {poUimum) — 
a mass of pollen-grains, held together by internal elastic 
threads, which tie the pollen to a slender stalk, the mndicle. 
The caudicle terminates in a minute viscid ball, called the 
gland, embedded in the rostellum. 

Take the very fine stem of a grass, or a finely-pointed 
pencil, and thrust it gently into the spur of a newly- 
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expanded flower, which has not lost its polkn, just as an 
insect would insert its proboscis when in search c€ nectar. 
It will be found that the pencil does not fail to push 
against the projecting rosteUum, so that the poach-like 
membrane of the latter is pressed down, and the pencil 
comes in contact with the under visdd sur£ice <xf one or 
of both of the little glands of the two pollen-masses. On 
withdrawing the pencil, the pollinia are found adhering 
firmlv to it. for the viscid substance which bathes the 
glands sets hard in a few seconds when exposed. If the 
pollinia be carefully watched imnudiaUfy after they are 




Fio. 174. — Single pollan-mass o£ Fig. 175. — Seed of same. 

Spotted Orcnit. with its cau- 
dicle and gland. 

withdrawn from the anther, they may be observed to be- 
come inclined forwards to such an extent, that if, after 
the lapse of a minute or two, the pencil be thrust into the 
nectary of a second flower, the pollinia which adhere to 
the pencil will strike against the viscid stigmatic surface 
of the flower, and at least a portion of the pollen- 
grains will adhere to it and fertilize the ovules of the 
flower. The viscidity of the. stigma is sufficient to over- 
come the strength of the delicate threads which bind the 
grains of pollen together. 

From the peculiar relative arrangement of the pollen- 
masses and stigma in Orchids, Mr. Darwin has shown 
that the flowers can be but very exceptionally self-fertilized. 
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Almost invariably insect aid is required to transport the 
pollen from flower to flower : hence the importance of the 
contrivances indicated above (to which Mr. Darwin some 
years ago directed attention), to insure the proper ful- 
filment of the important function assigned to unconscious 
agents. 

Compare with Spotted Orchis the flowers of Pyramidal 
Orchis {O, pyramidalis) and Bee Orchis {Ophrys apt/era). 
In Pyramidal Orchis, the two pollinia of each anther are 
united to a single saddle-shaped disk, so that they can 
only be removed together. In the Bee Orchis, the caudi- 
cles are so weak, that when the anther-cells open, the 
pollen-masses topple over in front and dangle opposite to 
the viscid stigma, the glands remaining in the rostellum. 
A puff of wind forces the suspended pollen-masses against 
the stigma, so that in this species self-fertilization appears 
usually to obtain. 

Remarkable modifications of these processes occur in 
exotic species. An Orchis should not be passed by in 
flower without experimenting upon its pollinia until the 
mode of its fertilization be understood. 

The form of the labellum varies very much in diflerent 
species, assuming sometimes grotesque shapes. The 
flowers of many tropical species are very beautiful and 
often singularly fantastic, so that they are favourites in 
hot-house cultivation, ana are often sold at a very high 
price. 

Many of the tropical species are called "air-plants," 
from their being epiphytal^\\i?X is, growing upon the 
trunks of trees without becoming organically united to 
them as parasites. They cling to the bark by long 
greenish or white aerial roots, and absorb moisture 
partly from the air and partly from what trickles down 
the tree, charged with decaying organic and with inor- 
ganic matter. The lower internodes of the stem of these 
epiphytal Orchids often become swollen, forming what 
are called pseudo-bulbs. 

One extremely rare British species, the Lady's Slipper 
{Cypripedium Calceolus\ represents a Sub-type of the 
Order, differing from the Type in having 2 lateral anthers 
developed instead of the single posterior one, which is 
abortive in this genus. 
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An American genus. Vanilla, afTords a fragrant fruit, 
imported a.s Vanilla, and used in flavouring confectionery. 

69. Natural Order — Iridefe. The Iris Family, 

Distribution.— Occurring in both hemispheres; most 
numerous in the temperate zones, a.nd more especiallyat 
the Cape. — British genera 4, species 6, 

Kerbs. Feriftnlh 'leaves 6. Stamens 3. Ovaiy inferior. 

Type— Yellow Flag (Trii pseudacorus). 

A perennial herb with a thick shortly-creeping rhiiome, 
distichous sword-shaped leaves, and showy yellow herma- 
phrodite flowers. 
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Observe the equitant bases of the leaves, which are 
folded up the mid-rib and vertically flattened throughout, 
having, the two sides of their upper surface coherent in 
the upper part tA the leaf, so that each exposed surface 
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of the leaf answere really to one half of the lower surface. 
Observe> also, the stamens concealed under arching, 
petal -like stigmas ; the stigmatic surface is confined to a 
transverse line on the under surface of the latter. 

Several handsome garden species belong to this Order, 
as the Blue Flag (/. gertnanica), and White Flag (/. 
florentina)y two of the species the rhizome of which is 
dried as Orris Root; also the genera Gladiolus and 
Crocus, From a purple-flowered species of Crocus (C 
saiivus\ Saffron, formerly in great esteem as a drug, is 
obtained. It consists of the stigmas pressed into cakes 
and dried. This Crocus used to be cultivated at Saffron 
Walden, in Essex, which place was chartered with arms, 
bearing three Saffron Crocuses, by Edward VI. An acre 
produced from 8 lbs. to 20 lbs. of Saffron. It is given to 
sick canaries, but its reputation has long been lost, and 
it is now chiefly used to colour other medicines. It is 
stated that a single grain of Saffron will impart distinct 
coloration to ten gallons of water. 

70. Natural Order — Amaryllideae. The Amaryllis 
Family. 

Distribution. — ^Widely scattered through tropical 
and temperate countries of both hemispheres, numerous 
in the Mediterranean region and at the Cape of Good 
Hope. — British genera 3, species 4. 

Herbs. Perianth-segments 6. Stamens 6. Ovary inferior. 
Type — Daffodil {Narcissus pseudo-narcissus), 
A bulbous herb, with radical linear leaves, a mem- 
branous spathaceous bract, and showy solitary regular 
flower, borne upon an erect glabrous scape. 



Orffan. 
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Adhesion, 
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Gamophyllous. 
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Perigynous. 
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carfeU. 


Syncarpous. 


Inferior. 


Seeds. Indefinite, albuminous. 
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Observe the corona referred to at page 43. It is very- 
much shorter in other species, as in the white-flowered 
Poet's Narcissus {N, poeticui) and Jonquil (N.Jonquilla). 
It is wanting in Snowdrop (fialanthus). 



Amaryllidaceae much resemble Lilies, differing prin- 
cipally in their inferior ovary. 

The bulbs of several species yield a poisonous juice, 
and the flowers of DaffodU are said to be very poisonous. 

One of the most important exotic species is the so- 
called American Aloe {Agave americcma), which has 
become thoroughly naturalized in countries bordering 
upon the Mediterranean. From the Agave the Mexicans 
prepare an intoxicating beverage in common use, called 
" pulque." 

71. Natural Order — Dioscoreacea:. The Yam Family, 

Distribution. — A small Order, chiefly conlined to 
tropical and sub-tropical countries.— One British genns, 
species I. — 
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Type— Black Bryony {Tamus communis), 

A climbing herb, with alternate shining cordate leaves, 

small racemose unisexual flowers, and scarlet berries. 

(The only British species.) 



Organ. 1 


No. 

6 

6 

3 


Cohesion. 


Adhesion. 


Perianth. | 
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Superior. 


i , Stamens. 
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Epiphyllous. 


car/eis. 


Syncarpous. 


Inferior. 


Seeds. Few, albuminous, in a berried fruit. 



N.B. — This species, although commonly called Black 
Bryony, has nothing to do with the genus Bryonia^ 
belonging to the Dicotyledonous Order Cucurbitaceae 
(page 156). Black Bryony differs from most of the 
species of this Order in having a berried (baccate) instead 
of a capsular fruit. 

A few species, belonging to the exotic genus DtoscoreOj 
produce large tubers, which, under the name of Yams, 
form an important article of food in tropical countries. 
The rhizome of a Cape s^ciqs {Testudinaria elephantipes)y 
attaining an immense size, sometimes more tnan 3 ft in 
thickness and height, is covered with a corky bark, and 
seems to endure for a very long period, throwing up 
annual stems, resembling those of the Black Bryony. 
From the appearance of the rhizome, it is called 
"Elephant's foot*' at the Cape of Good Hope, where 
it was formerly eaten by the aborigines as '* Hottentot 
Bread." 

72. Natural Order— Qf^'^'^^^'^ The iBedge Family. 

Distribution. — A large Order, widely dispersed from 
the arctic zone to the equator, in both hemispheres. A 
large proportion of the species affect moist situations. — 
British genera 9, species 74 — 80. 
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Fig. 178— Flower of Cuiion Sedge. 

Type— Common Cotton Sedge {Eriojihorum pofy- 
sfiuhyum). 

A grass-like herb, with an erect stem, bearing several 
sessile and pedunculate spikes, wilh long white and 
cottony hyp(^ynous bristles in fruit. 

In this Order the ovary is i-celled, but the divided 
style or sligma indicates the syncarpous character of the 
pistil 
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The largest genus of the Order is Carex, of which 

fr™^i,'%'P'''^'"u^'^ "^^'^^^ '" »"'^'"- Careoc differs 
from the Type m havmg monoecious flowei^ arranged ii 



e-like bract, 



5 : the male flowers, consisting of 3 stamens, desti- 
it a perianth, home in the axil of a scale-like bract. 




called a glome ; the female flowers, each enclosed in a 
flask-shaped loose integument, called Oie perigyrtiitm, 
which is open at the apex, to allow the stigmas to 
protrude. 

The Papyrus used as paper by the ancients, especially 
the Egyptians, was prepared from the pith-like tissue of 
the stem of a large CyPerns. 
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A common plant in the fens, Scirpus lacustris, is cut 
for chair-bottoms, baskets, mats, horse-collars, bottle- 
covers, &c. 

The cottony bristles of Cotton Sedge are collected for 
stuffing pillows. They are not of sufficient staple to be 
woven like cotton. 

The Sand Carex {Carex arettaria)^ and a grass, the 
Sea Maram (Psamma arenaria), form long creeping 
rhizomes, which are highly important in binding the 
moving sands of dunes and embankments on the sea- 
coast. 

73. Natural Order— Grzmme2t, The Grass Family. 

Distribution. — ^A very large and cosmopolitan Order. 
Some tropical genera (of Bambuseae) are arborescent. — 
British genera 42, species 100. 

Herbs. Sheaths of leaves split in front (except Common Melick). 

Flowers sheathed by two-rowed scaly oracts (glumes) ; 

innermost glume (pale) 2-nerVed. 

Type — Common Wheat {Triticum vulgare\ 
An annual, with an erect unbranched jointed stem 
(culm), and distichous spicate flowers. 
The structure of the flower of wheat is described at 

pages 44—45- 

The table on the next page will serve to show in what 
particulars several grasses, British and exotic, deviate 
from the above Type. 

The first column gives the name of the species. The 
second shows the kind of inflorescence, which is generally 
a panicle, though often compressed, or the branches so 
short as to resemble a raceme or spike, when it is termed 
racemose or spicate. The third column gives the number 
of outer glumes to each spikelet ; the fourth indicates the 
presence or absence of the flowering glume ; the fifth the 
presence or absence of the pale ; sixth, the number of 
lodicules ; seventh, of stamens ; eighth, of styles. 

The species printed in small capitals are Corn- 
producing or Cereal Grasses, called Cereals, from Ceres, 
the Roman goddess of Com. 

The sign ! denotes a striking deviation from the normal 
structure of Grasses. 
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The arrangement of the flowers of Barley requires 
explanation. The i-flowered spikelets are arranged, 
three together, on each joint of the axis {rackis) of the 
inflorescence. In two-rowed Barley, the single floret of 
the central spikelet only is fertile, the florets of the 2 
lateral spikelets being barren ; in six-rowed Barley, each 
of the 3 spikelets contains a fertile floreL 
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Compare Rye with Barley. They are very similar at 
first sight, but the spikelets in Rye, instead of being in 
threes, are arranged singly upon the rachis, as in Wheat, 
and each spikelet contains 2 lateral fertile florets and a 
central floret, represented often by a minute rudiment or 
pedicel simply, which is easily overlooked. 



Obssrvs, in any common Grass, the stem, called a 
or.W, usually boUow(^/M/ar), jointed, and with sheathip; 



PKk )■■,— TciBUt one SowcRd qAdcti ef Barley. 

kax-es, the sheath bdng almost invariably split down the 
front, and embncing the culm ; the ligttle, a scale-itke 



•'t: 
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stipular projection at the base of the blade of the leaf, 

;-32' where it passes into the sheath ; the fruit commonly, 

-'-- but incorrectly, called the seed, is termed, by botanists, 

a caryopsis. The thin pericarp is closely applied and 

adherent to the seed. In some Grasses, as in Barley 

and Oats, the pale, or the pale and flowering glume, 

• adhere to the caryopsis aftjer the time of flowering, and 

n require to be removed from the grain by grinding. In 

|r Wheat and Rye, the caryopsis is free, not being adherent 

to the pale or flowering glume. 

The Grass Family is unquestionably the most inv- 
portant in the Vegetable Kingdom to the human race, 
furnishing almost everywhere, and from the most remote 
antiquity, the principal basis of food. Rice alone affords 
a larger proportion of food to mankind than any other 
single species, while in cool climates Wheat, Rye, Barley, 
i'^ and Oats, and in warm countries Maize, Millet, and 

Durra {Sorghum), are universally grown. 
f Wheat {Tnticum vulgare). Its native country is lost, 

as is the case with several plants which have been culti- 
vated over a long period. This may be owing either to 
changes gradually introduced by cultivation, of such 
extent that the wild parent form is not recognisable, or to 
the original Type having become extinct. 

Some botanists have tried to show that Wheat may 
hare been derived from a South European grass, called 
j^gilops, forms intermediate between Wheat and one or 
two species of A£gilops having been occasionally met 
with. There can be no doubt, however, that these inter- 
mediates are hybrids, being usually barren, unless again 
crossed with one of the parent grasses ; if with Wheat, 
they produce a' grain closely resembhng that of the 
latter. 

Numerous varieties of Wheat are cultivated, with and 
without awns to the glumes and pales. The stor)' of 
Wheat from the Egyptian catacombs having genninated 
appears to have originated in a mistake. 

Maccaroni and Vermicelli are prepared from tbe finest 
Wheat flour, chiefly in Italy. 

Barley {Hordeum vulgare) is considered to have been 
the first Cereal brought under cultivation. It was grown 
in Palestine and Egypt, and is mentioned by Homer. 

O.B. R 
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Malt is prepared by steeping Barley for about fifty 
hours, and then placing it, during nine to sixteen days, 
on a floor of slale or cement, until it germinates. It is 
then put in a kiln and heated to 160° or 180°, then 
screened (thrown upon wire sieves), so that the sprouted 
radicles (called coombs or ckii/ei) are broken off and 
separated. Germination converts the starch of the grains 



FiC 184.— Rice (ptyta lativa). Much redueed. 

) a kind of sugar, which is capable of vinous fer- 
ntation, by which process alcohol is formed. In 
brewing, the malt is steeped until the sugar is dissolved 
out, forming the " sweet wort." This is left to ferment, 
hops being added to impart a bitterness and preserving 
quality. 

Oats {Avtna sntiva) appear to be of comparatively 
recent introduction, not having been cultivated by the 
Hebrews, Egyptians, Greeks, or Romans. They were 
grown, however, by Ihe German races. 

^\ct{Orysa saliva) '\%%roviti in nearly all hot countries. 
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We import it from India and the Indian Islands, Southern 
United States, and South of Europe. Nearly 6,yoo,ooo 
hundredweights of Rice, with the husk removed, were 
imported into the United Kingdom in 1877. 



Fig. iSs — Ose-flamicd ;pikclci of Rice- 
Maize or Indian Corn (Zea Mais] is a native of the 
New World, though now introduced into the warmef 
regions of this hemisphere, where it is cultivated to a 
great extent, especially in the Indian Islands and North 
Africa. It is Che largest of the Cereals, and remarkable 
for its monoacious flowers. A preparation of Indian Com 
is sold under the name of "Oswego Com." 

Small grains, belonging to an unknown variety of 
Maize, have been found in ancient Peruvian tombs. 
They may have belonged to the original stock, which has 
since become improved by culture. Leaves of Maize are 
used for packing oranges. 

The principal source of Sugar is the tall solid stem of 
a grass— the Sugar Cane {Satcftarum officinarum) — culti- 
vated widely in the Tropics. The canes are pressed 
between rollers to express the saccharine juice, which, J9 
boiled down, clarified, and ci^stallized. The uiicrystal- 
lizable residue is drained oft as Molasses or Treacle. 
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The rind of the Sugar Cane, like that of most grasses, 
contains much silica, so that when it is burnt a glassy 
slag results, which renders the crushed Sugar Canes 
ill-adapted to serve as fuel. Upwards pf 16,600,000 
hundredweights of unrefined Sugar were imported in 

1877. 

I'he stems (straw) of various Cereals, and of some 
wild grasses, are used for plaiting, being split by simple 
instruments intC> narrow strips. Straw is also worked up 
into a cheap, brittle paper. 

. Species of Ba-nboo (Bambusd) attain a great size ; 
one (B. arundinacea) growing thirty feet in height in the 
Palm Stove of the Royal Gardens at Kew within about 
three months every year. The light, hollow, jointed 
stems of the Bamboo are applied to an infinite variety of 
purposes. 

Series— GVMNOSPERMS. 

74. Natural Order. — Coniferae. The Pine Family. 

Distribution. — A cosmopolitan Order, with repre- 
sentatives from the arctic zone to the Equator. Several 
species are socially growing forest-trees, covering wide 
areas in the cooler parts of the north temperate zone. 
— British genera 3, species 3. 

Evergreen trees or shrubs. Ovules naked. 

Type — Scotch Fir (Pinus sylvestris). 

A tall tree, with evergreen acicular geminate leaves, 
naked amentaceous flowers, and a multiple fruit (cone). 

From the extreme simplicity of the flowers of Coniferae, 
the usual schedule is not suited to exhibit their structure 
in a tabular form. 

The male flowers of Scotch Fir are arranged in short 
catkins, consisting of minute, imbricating scales, each 
scale bearing two anther-lobes upon its under surface. 

The female flowers, also, are in small, dense, cone-like 
catkins, consisting of small scales, each scale bearing 
upo;i the base of its upper side a pair of inverted ovules. 
As the scales are closely imbricated, the ovules are con- 
cealed ; but they may be easily found by breaking the 
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flowering cone across the middle, when some of them are 
sure to be expiosed. 

Some bota^Bts are of opinion that the scales to which 
the ovules are attached are open carpellary leaves ; others 




hold that the cellular investment of the nucleus of the 
ovule is carpellary. The question of the homology of 
these organs does not at present ( 



Fig. iSS.— Scale of ripe eone, beuing two wiagcd iteit. 

case, the apex of the ovules is naked, so that the pollen- 
grains fall directly upon it : hence the term gi^mno- 
spermous applied to the Family, in contradistinction to 
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angiospermous, applied to all other flowering plants ia 
which the ovules are fertilized through the medium of the 
stigma of a carpellary leaf. In the fruit, the ovule-bearing 
scales are much enlarged and hard and woody in texture, 
each scale bearing upon the upper sur&ce a pair of winged 
seeds. 

The scales, both of flower and fruit, are arranged upon 
a common axis, in the form of a cone i hence the name 
Conifene applied to the Pine Family. 




Fio. [Sg.— Scale of S iaBores- 
cm« of Cypress. 

Observe, under the compound microscope, the pollen- 
grains of Scotch Fir. Each grain bears at its two ex- 
tremities an inflated vesicular dilatation of the outer coat 
of the pollen-grain, which may probably have something 
to do with the mode of transference of the pollen from 
the male flowers to the ovules, which is due to the wind. 
Dense clouds of the pollen are carried in the air often to 
a considerable distance, giving rise sometimes to so-called 
" showers of sulphur." When the pollen finds its way to 
the afiex of the ovule the extine, or outer coat of the grain, 
shrivels up and separates from the intine. At about the 
same time a portion of the protoplasmic contents of the 
grain accumulates at about the middle of its broadly- 
rounded back and becomes separated from the rest by 
the formation of a cell-wall, convex toward the cavity oif 
the parent-cell. The new cell is much the smaller of the 
two and undergoes no further change (in Pine), while the 
intine of the larger one grows out directly into the pollen- 
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tube, the complete elongation of which is not attained 
until about a year after the shedding of the pollen in 
Scotch Fir, in which the fruit is of biennial maturation. 

In Pine the embryo-sac originates in the axis of the ovule 
as in Angiosperms, but it is usually imbedded rather deeply 
in its substance. It becomes early filled, long previous 
to contact of the pollen-tube, with cellular tissue (an 
endosperm) originating by free-cell-formation like the 
endosperm of Angiosperms. Certain of these cells in 
the embryo-sac near its upper boundary enlarge as 
secondary embryo sacs (formerly called corpuscula and 
by some now called archegonio,^ upon the assumption of 
their homology with the so-called organs of vascular 
cryptogams), within each of which, upon contact of the 
pollen-tube, the formation of several embryos is de- 
termined by the repeated division, in the direction of the 
axis of the ovule, of a cell at the base of the cavity of the 
secondary embryo-sac. Upon the number of longitudinal 
divisions of this cell (first stage of the pro-embryo) depends 
the number of possible embryos. Each cell resulting from 
this division then repeatedly divides transversely, and at the 
same time grows down into the substance of the endosperm, 
which increases rapidly in bulk and finally displaces the 
entire nucleus of the ovule. Of all the nascent embryos 
contained in the same fertilized ovule but one attains 
maturity, the rest being arrested at an early stage. As 
the endosperm is not all absorbed during maturation, 
the seed is albuminous. The embryo, as already pointed 
out in Pine, is polycotyledonous, occupying the axis of 
the seed with an inferior radicle. 

In Cypress (Cupressus sempervirensy an exotic species), 
Yew {Taxus baccata), and Juniper (Juniperus communis), 
the Type is slightly departed from, though all agree in 
the naked ovules of the female flowers. 

In Cypress, the scales of the male catkins bear 4 anther- 
cells, and the ovules are numerous and erect in the axils 
of a small number of scales arranged in a head. These 
scales become woody and peltate, constituting a capitate 
modification of the cone. 

In Yew, the male flowers consist of peltate scales, bear- 
ing about 6 (3 to 8) anther-cells ; the female flowers of 
solitary ovules, around each of which a succulent, pink- 
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coloured disk ' develops as they mature, enclosing and 
over-topping the fruit. 

In Juniper, the anther-scales are 4-celled, and the 
, ovules three in number, i at the base of each of 3 connate 




Pio. 191.— Stucnof Fra. igi.— Femiila Fto. 191.— Tcniul lec- 

Y«w. flowEi of ume. lion ^ fnill of Mnx. 

scales, which form a succulent ga/iulus when the seeds 
are ripe. 

Besides the peculianties in the structure of the pollen- 
grains and ovules, as also in the embryogeny of the Coni- 
fene, referred to above, the Order is characterised Jiy the 
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absence of vessels in all wood formed after tlie first year's 
growth; the wood consisting solely of tapering wood-cells, 
marked on the sides, towards the medullary rays, with 
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circular disks, which answer to the margins of minute, 
lenticular, intercellular cavities occurring between the 
** pits" of adjacent cellsi In the Pines and allied species, 
with spicate flowers, the cotyledons are usually numerous, 
varying from 3 to 18 ; hence the term polycotyledonaus 
applied to them. 

Observe, also, the different forms and the arrange- 
inent of the leaves in Coniferae. In Scotch Fir, for ex- 
ample, there are two formis of leaf, viz., small, brown, 
scaly leaves on the main branches the internodes of 
which lengthen out, and in the axil of each of these scaly 
leaves a single pair of long acicular leaves, sheathed at 
the base by scale-leaves. The long acicular leaves are 
borne upon axillary arrested branches. 

In some other species, of Pine the arrested branches 
bear the acicular leaves in fascicles of threes or fives. 
In Larch (Larix) and Cedar (Cedrus) the acicular leaves 
are numerous, in dense fascicles. The former species is 
well adapted to show the true nature of these fascicles of 
leaves, some of which lengthen out into branches during 
the summer. Indeed, the fruit-cones occasionally lengthen 
oiit in this way into leaf-bearing branches, illustrating, by 
their serial continuity, the homology subsisting between 
the bract-scales of the cone and the scale-leaves of the 
branch. 

The leaves of many species of Pine persist several 
years : the Larch is deciduous. 

The Pine Family acquires high importance from the 
number of species which it includes affording valuable 
timber, and also from the resinous products obtained from 
several of them. Among those most valued for the sake 
of their timber are : — 

Scotch Fir, affording Yellow Deal— the only Pine now 
native in Britain; Norway Spruce {Abies exceisa), yielding 
White Deal, formerly a British tree, as its cones are found 
in very recent geological formations ; Weymouth Pine 
\Pinu5 Strobus\ the most valuable timber fir of North 
America ; Douglas Pine {Abies Douglasit), of which a 
spar 159 feet in length is erected as a flag-staff in the 
pleasure grounds at Kew ; Larch, largely used for railway 
sleepers ; the New Zealand " Cowdi " Pine {Dammard)^ 
affording mast spars 200 feet long. The wood of Cypress 
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{Cupressus sempervirefis) is almost imperishable ; the gates 
of Constantinople made of this 'wood lasted 1,100 years. 
The wood of Juniperus virginidtta is commonly used for 
" lead pencils," under the name of Red Cedar. That of 
the true Cedar {Cedrus Ubani) is comparatively worthless. 
The wood of the Yew is said never to be attacked by 
insects. Bows were formerly made of it in Britain, and 
by an Act of Edward IV. every Englishman was obliged 
to possess a bow of his own length, made either of Si is 
wood or of Wych-Hazel, Ash, or Auburn (? Laburnum). 
Yew attains a very great age, some English trees being 
estimated at about 2,000 years. 

Sequoia gigantea of California, known as the Welling- 
tonia, is the mammoth amongst trees ; one specimen has 
been described 450 ft high, and 116 ft in circumference. 

Of resinous products, the most impc^tant are Tar and 
Turpentine. Tar is distilled from faggots of Pine, chiefly 
Scotch Fir, in the North of Europe. The residuum left 
after the distillation of the liquid part from Tar is Pitch. 
Turpentine is afforded by several species of Pine, especi- 
ally Pinus palustriSy an American species, and, during 
the late American war, by /*. Pinaster of the South of 
France. The Turpentine exudes from wounds made in 
the trunk near the ground. Common Resin or Rosin is 
the residuum after distillation of Oil of Turpentine. The 
Cowdi or Kauri resin of New Zealand, used in making 
varnishes, is exuded by the Cowdi Pine. The largest 
masses of it are said to be found buried in the soil for 
from place's where the tree now grows. 

The seeds of a few species are edible, those of the Stone 
Pine (P. Pima) being brought to market in the South of 
Europe, strung together like beads on a string. The large 
seeds of the Bunya-bunya Pine {Araucaria Bidwilli) are 
eaten by the aborigines of East Australia. Juniper berries 
are used to flavour gin. 

Cycadeae is a singular exotic Natural Order associated 
with Coniferae under Gymnosperms. They differ from 
Coniferae in their usually stout unbranched stem and large 
pinnatisect leaves. They are now chiefly restricted to 
Mexico, the Cape of Good Hope, Australia, and Eastern 
Asia, though their remains are abundant in the fossil 
state. 
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FLOWERLESS OR CRYPTOGAMIC PLANTS. 



Thus for I have avoided reference to those plants which 
are commonly regarded as flowerless, and which have 
long been classed together under the general term of 
Cryptogatnsy from the apparent absence of organs corre- 
sponding to the stamens and pistil of the plants which 
have hitherto occupied our attention. 

I have passed these plants by because, from the con- 
siderable difference which obtains between their structure 
(both of the Reproductive and of the Nutritive organs) 
and that of Flowering Plants, they cannot be conveniently 
studied together. Any study, however, of the Vegetable 
Kingdom from which they are wholly excluded must be 
exceedingly incomplete ; and now that facility in observ- 
ing has been acquired, attention may be directed to these 
so-called lower plants, with a fair chance of comprehend- 
ing the relation in which they stand to the Flowering 
Plants already familiar to us, and of mastering a few of 
theprincipal features of their leading Families, 

The more logical course might seem to be to study first 
these simple forms, and progress from them to the more 
complicated, to which latter we have hitherto confined 
our attention ; but, the excessive minuteness of their 
essential organs requiring the constant use of high 
magnifying power in their observation, it is practically 
the best plan to leave them to the last, in a course 
of Elementary Botany like the present. 

Space compels me to be brief in describing Crypto- 
gams ; and those who desire to extend their acquaintance 
with them I must refer to the chapters on Cryptogams in 
the Lehrbuch der Botanik^ of Professor Sachs, of which 
there are both English and French translations. 

The development of the embryo in Flowering Plants, 

we have seen depends upon and immediately follows the 

.mingling by diffusion of the contents of two distinct cells 

belonging to organs conspicuously contrasted morpho- 
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logically — the pollen-grain shed by the stamens and the 
embryo-sac of an ovule, — which organs may or may not 
be borne upon the same axis. The plants which we have 
now to consider, with the exception of certain gp'oups 
of simplest structure, generally present the same phe- 
nomenon of sexuality, manifest in the mingling together, 
partially or wholly, of the contents of distinct cells, 
which cells, however, or the organs to which they belong, 
may or may not present any external or morphological 
contrast 

The immediate product of this mingling of the sexual 
elements in Cryptogams varies very greatly in the different 
groups, but it is never an embryo, with rudimentary 
.differentiation of organs, contained in a seed derived 
from the tissues of the parent plant. 

One remarkable general difference between Phanero- 
gamous and Cryptogamous plants consists in the pro- 
minence in the latter of a more or less marked alternation, 
in the cycle of development, of two distinct periods or 
generations variously associated with methods of sexual 
reproduction^ and of a sexual multiplication by means of 
free cells, either with or without a cellulose coat. The 
prevalence of this asexual multiplication by free cells is 
a further characteristic of many groups of Cryptogamous 
plants. 

Those free cells which in their development initiate a 
new generation, are termed spores* They consist of a 
simple minute usually double-coated cell, containing 
protoplasm and, it may be, starch, oil, and chlorophyll 
besides. 

From their superficial analogy with seeds, and playing 
also, as they do, the part of seeds in respect of the dis- 
persion of species in many of the higher Cryptogams, the 
spores are popularly regarded as, in some sort, parallel 
structures with the seeds of Flowering Plants, and so 
we find Cryptogams collectively treated of in many 
botanical works as AcotyUdonous^ since, as indicated 
above, the spores present no differentiation of organs, 
consequently no trace of cotyledons. It will be obvious, 
however, that the use of this term is misleading, as it 
infers a common ground of contrast which does not 
exist 
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I. Natural Order— Y\Yicts. The Fern Family, 
Type— Male Shield Fern {Aspidium Filix-mas). 



Flc. iq6.— Ycung and cipandEd fronds of Malt Shield P«nt. 

A perennial herb, with a short thick rhizome, bearing a 
tenninal tuft of Jarge broadly lanceolate bipinnatifid 
annual fronds 3 to 4 feet in length. The young, unfold- 
ing fronds are curled upon themselves like a crosier: 
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hence the term circitiate applied to the characteristic 

vernation of ferns. 

Upon the under surface of the fertile fronds, ^^/ructi- 
ficatioa is arranged in small, round clusters, brown when 
ripe. These clusters are termed sort (each cluster a 
sonts), and there are two rows of the son upon, at least, 
the lower lobes {pinnuUS) of each of the pinna of the 
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frond. These sori are protected at first by a reniform, 
pale-coloured membrane {indvsium), which at length 
withers up, exposing the minute stalked sparanges of 
which each sorus is composed. 

The sporanges require examination with a magnifying 
glass. They originate from the superficial cells of the 
frond ; they are wholly free from each other, and, when 
fully developed, are found to be globose or obovoid 
cellular stalked capsules around which longitudinally a 
a thickened row of cells forms a prominent an/tulus {Fig. 
196,a). Thisannulus contracts hygroscopically when the 
sporange is ripe, and so splits open the sporange by a 
transverse chink through which the spares which they 
contain are set free. The spores may easily be obtained 
by allowing the mature frond of a fern in autumn to 
wither up upon a sheet of paper in a dry place, when 
abundance of the spores will be shed from the sporanges 
as fine dust 

Some few British Ferns deviate from this type in the 
form of the frond, in the abience of an indusium, in the 
mode of arrangement, as well as in the form and 
dehiscence, of the sporanges. 



FILICES. ass 

Compare with the Type :— Comroon Polypody {Poly- 
podium vulgare), simply pinnatifid fronds, with naked 
son (no indasium) : Hait's-tongue {Scolopendium vul- 

fare), undivided, broadly linear fronds, with diverging 
near sori on each side of the mid-rib : Hard Fern 
{Blecknum Spicant), with two kinds of simply pinnate 
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with two linear son, one on each side the mid-rib of 
each segment of the frond : Common Brake {Pteris 
aguilitu^ with large branching fronds from a creeping 
rniionne, and narrow sori alone the mai^in of the 
pinnules ; Royal Fern {Osmunda vulgaris), with the 




sporangia clustered on the upper divisions of the frond, 
forming a panicle, the lower portion of the frond 
being leafy and barren ; the sporanges open across the 
top : Moonwort {Botryckium LuHorid), with a sporange- 
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bearing panicle or pinnate spike, distinct from the leafy 
frond, and the sporanges without any trace of the annulus 
which usually surrounds them, partially or wholly, in 
other Ferns : and Adder's tongue {Ophioglossum vul- 

f-aium), similar to Moonwort, but the leafy and fertile 
ronds undivided. 

The development of young Ferns from their spores 
may be watched by sowing the spores upon damp soil, 
covered by a bell-glass. From the germinating spore 
arises a small, green, often obcordate or obovate hori- 
zontally spreading leaf-like expansion, called a prothal- 
liiim, which gives off delicate root-hairs from its under 
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surface. Upon the same surface, scattered amongst these 
hairs, esfiectally on the thicker part of the prothallium, 
are several minute microscopic cellular bodies, of two 
distinct kinds, both originating in the epidermal layer of 
the prothallium.. One kind, the more numerous, called 
antheridia, consists of a few superposed cells, forming a 
minute papiUiform projection, surrounding a cavity con- 
taining a number of extremely small vesicles, each of 
which contains a microscopic spirally-twisted motile 
filament of dense protoplasm, called an antkeroaoid, which 
performs the function of a polien-grain. The other kind, 
callei arcktgonia, which are somewhat similar to the 
antheridia externally, consist when mature, of a few rows 
of superposed cells surrounding a narrow canal at the 



base of which 13 a germ-cell, the division and ultimate 
developmeot of which depends upon the access of the 
antherozoid through the canal of the archegonium, which 
is filled with a mucilaginous protoplasm at maturity. 



From the fertilized germ-cell an independent Fern-plant 
is developed with its fronds and sporangia. 

We have thus in the (i) Fern-plant bearing spores de- 
veloped from the fertilized archegonium, and in the {2) 
orothalljum developed from the spore-bearing antheridia 
and archegonia, an alternation of generations in which' 
the asexual generation, that is to say the Fern-plant 
which does not itself bear sexual oi^ns, greatly pre- 
dominates both in bulk and duration over the sexual 
generation, that is to say, the prothallium bearing the 
antheridia and archcgonia. The antheridia and arche- 
gonia of Ferns require a high magnifying power for their 
examination. Their true nature has been understood 
only within the last thirty years. 

Ferns are great favourites for parlour cultivation under 
glass shades, which prevent the moisture which they 
require for their healthy growth from evaporating. Some 
foreign species, growing in warm, moist climates in the 
Southern hemisphere, form tall, woody stems, 40 to 50 
feet in height. These are called Tree-ferns. 

' ' :ion of the trunk ifaudex) of any of 
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these will show the characteristic form and arrangement 
of the vascular bundles of Ferns, which are closed, each 
bundle, consisting chiefly of transversely-barred {scalari- 
forn^ vessels, is surrounded by a firm, dark-coloured 
sheath of narrow thick- walled cells. These bundles, u, v, 
or w-shap«d in section, surround a cellular pith which 
often decays away, so that old stems usually become 
hollow. From the apparent mode of growth of Fern- 
stems, by successive additions to the extremity only, 
they have been termed Acrogens (point-growers). 

The Common Brake-Fern {Pteris aquilind) is collected 
in hilly districts for litter, and one or two species are used 
in medicine. 

2. Natural Order — Equisetaceae. The Horsetail 
Family. 

Type — Field Horsetail {Equisetum arvense). 

Herb with a creeping rhizome, and erect jointed-fertile 
and barren stems bearing toothed sbeath-like leaves 
at the joints. 

The fertile or fruiting stem is imbranched, 6 to lo 
inches high, and withers in spring almost before the 
barren fronds appear. It bears a terminal, cone-like 
catkin, consisting of numerous closely packed peltate 
scales, upon the under margins of which are the 
sporanges, containing microscopic spores of one kind, 
embraced by elastic, hygroscopic filaments, which result 
from the spiral splitting up of an Outer coat of the spores. 

The barren summer fronds give off numerous slender, 
jointed branches, in whorls of io or 12. In some British 
species, the fruiting and barren stems are nearly or quite 
alike, and often both unbranched. 

The reproductive process in Horsetails is essentially 
the same as in most Ferns. From the germinating spore 
is developed a lobed, usually unisexual prothallium, the 
antheridia and archegonia being upon different pro^ 
thallia. The development of the asexual generation — 
the Horse-tail — is determined by the fertilization of the 
germ-cell of the archegonium by the antherozoids liberated 
by the antheridia. In the contrast and general relation 
between the sexual and asexual generations of the cycle 



ISJ 



EQUISETACE/E. 359 

of development Equisetacese correspond dosety with 

Filiees, but differ remarkably in the relative importance 
of leaf and axis respectively in the two groups. In 
Filiees the leaves are the most conspicuous organs, in 



some of our own species attaining a length of several 
feet, while in Equisetace:e the leaves are reduced to the 
toothed "cylindrical sheaths which are fouiid at every 
joint of the conspicuous, simple or verticil lately branched, 
stem. In one species, the Scouring- or Dutch Rush (A', 
hyemale), the epidermis contains so mu-h silica, that 
bunches of the stem are sold for polishing metal. 

3. Natural Or/r>r— LycopodiaceK. The Cliib-mo5s 
Family. 

Type — Lesser Club-moss {Sdagimlla selaginoides). 

A lender, moss-like plant, growing in wet, stony situa- 
tions, 2 to 4 inches high, with narrow, pointed leaves, 
those on the erect fruiting branches bearing sporanges 
of two kinds in their asils. 

There are six British species of Club-moss, and the 
small species which we have selected as Type differs 
from the rest in bearing two kinds of spores, on whi^h 
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ground it is separated genericaly from Lycopodium, in 
which the spores are all alike. 

Common Club-moss, or Stag's-horn Moss {^Lycopodium 
ciavatiim) is very common on mountain- sides and upper 
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moorlands, as is also the Fir Club-moss (Z. Selaro). 
The mode of reproduction of the species of Lycopodium 
upon which but one kind of spore, and those very 
numerous, has been found, has not yet been traced through 
all its stages. The spore develops a subterranean pro- 
thallium bearing both antheridia and nrchegonia. The 
anthcridia arc ellipsoidal sacs immersed wholly in the 
tissue of the upper stratum of the fleshy prothallium. The 
archegonia have not been observed prior to fertilisation. 
In Selaginella the lower sporanges of the fertile spikes 
contain, when fully developed, usually four relatively large 
spinulose spores {macrospares) which even before they 
are shed bear upon the inner face a narrow prothalloid 
lone which becomes exposed on germination by the tri- 
radiate rupture of the outer coat of the spore imme- 
diately over It. In this rudimentary prothallus, which is 
crescentic in section, bounding the cellular tissue filling 
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the rest of the spore, originate the archegonia, corre- 
sponding to those of Ferns and Horsetails. 

The upper and often greatly more numerous sporangia of 
the fertile spikes contain only minute spores (microspores) 
each of which may be regarded as the homologue of the 
antheridium of a Fern with this difference, that a single 
small cell of the microspore which takes no part in the 
formation of antherozoids has to serve as the representative 
of a prothallium. Like the fern-antheridium the micro- 
spore on its dehiscence liberates an indefinite number of 
motile antherozoids, the confluence of which with the 
protoplasmic contents of the germ-cell of an arche- 
gonium determines the cell-division and growth which 
result in the asexual generation of a new Club-moss. 

Here, therefore, as in Ferns and Horsetails, we have 
the alternation of an asexual generation — that is to say 
the spore-bearing plant — with a sexual one — that is to 
say the small prothallium developed from one kind of 
spore in Lycopodium or the yet more rudimentary pro- 
thallia shared between the microspores and macrospores 
in Sela^inella^ upon which the antheridia and archegonia 
respectively are borne.. As in Ferns and Horsetails, too, 
the asexual greatly dominates over the sexual generation. 

4. Natural Order — Musci. The Moss Family. 

Type — Hair-Moss {Polytrichum), Any species will 
serve. 

Minute leafy plants, with slender stems, bearmg 
sporanges upon erect, hair-like stalks (setce). They 
usually grow socially in tufts, or when more widely 
spread, in soft, carpet-like masses. 

The sporange is covered at first by a cap {cafyptra), 
and is closed by a lid (operculum)) which separates when 
ripe, exposing a row of minute teeth (forming the peri- 
stome) around the margin of the sporange. 

The sporanges contain double-coated spores of one 
kind, which, when they germinate, develop indirectly the 
complete vegetative system — that is, rootlets, branches, 
and leaves — of the Moss-plant. Indirectly, because in 
Mosses proper, the spore on germination gives rise to a 
delicate branching septate filament, upon which the leafy 
shoots develop as lateral buds. Upon the leafy branches 



aniheridia and archegonia, analt^ous (though difTereat la 
stmclure) to those of Ferns, are developed. Hence, 
■unlike the preceding groups of Cryptogams, the vegeta- 
tive generation, or Mo$s-plant, is at the same time the 
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scxuil generation. From the archegonia, fertiltied by 
the spiral antherozoids of the antheridia, arise the 
sporanges, usually born up by a slender peduncle (the 
S£/aj, and capped by the upper portion of the arche- 
gonium, which is torn away oy the rising sporange for 
which it forms the ealyptra. The sporange, with its 
appendages, and seta when present, constiiutes the asexual 
generation of the Moss cycle. Mosses, therefore, are 
specially remarkable in the predominance both in relative 
fonllc and duration of the sexual generation. 

Other British Mosses differ in the position of the seta, 
tn the mode of opening of the sporange, the presence or 
absence of a peristome which, moreover, is of various 
origin in different genera, and the number of teeth which 
compose it, &c. 

In Mosses, vessels are absent from both stem and 
leaves ; hence they — together with the plants grouped 
under the three following Families, all of which are 
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destitute of vascular tissue — have been termed Cellular 
Plants. Nearly all the plants which we have previously 
noticed, whether of Flowerless or Flowering Families^ 
contain vessels, and are consequently termed, in contrar 
distinction, 'Vascular Plants, 

The species of Musci are very numerous, especially in 
cool and cold climates ; and as many of them bear their 
fructification during the winter months, they may be 
collected and studied when Flowering Plants are leafless 
or dead. 

With the Mosses, under the same Order, are usually 
associated the Hepaticeae or Liver-worts, which differ in 
habit as well as in some important structural details. 
The commoner species occur either as flat green thalloid 
expansions with lobed margins (Marchantia), or with 
slender stems bearing 2-rowed minute leaves {Jutiger- 
mannta). This vegetative system is at the same time, as 
in Mosses, the sexual generation, — bearing antheridia and 
archegonia— in Marchantia upon stalked disks. The 
result of the fertilization of the latter is the sporange, the 
spores contained in which are associated usually with 
slender tubular filaments spirally thickened inside, called 
the elaters, 

5. Natural Or^^r— Fungi. The Mushroom and 
Mould Family. 

Type — Common Mushroom. {Agaricus campestris). 
With a colourless vegetative system growing under the 
surface of soil containing decaying organic matter, and 
consisting of a flocculent network of delicate cellular 
threads, forming what is called the mycelium. The 
asexual reproductive system is borne above the surface, 
in the form of an umbrella-like disk, called the pileus, 
upon a stout stem. The margin of the pileus is at first 
united by a membrane to the stalk, from which it breaks 
away, leaving a ring-like scar. Upon the under side of 
the pileus, numerous vertical plates radiate from the top 
of the stem to the margin of the pileus. If a very thin, 
transverse section of one of these plates be cut with a 
sharp knife, and examined under a powerful microscope, 
the surface will be found to be studded with large cells 



perpendicular to the vertical plate, each of which bears 
tour very minute stalked spores upon its apex. No mode 
of true sexual reproduction has been clearly observed in 
Mushroom and its allies. Other Fungi depart very widely 



from this Type, but all ^ree in the absence of green- 
colouring matter and of starch in their cells, and in their 
consequent dependence upon decaying animal or vege- 
table matter for support. They are mostly short-lived, 
and often deliquesce when mature, though some, as the 
Touch-woods, are hard, woody, and persistent 

Other Fungi present no distinction of Stem and ptieus, 
and the spore-bearing cells clothe excavations m the 
cellular substance of the Fungus (as in FulT-balls), or 
the spores may originate by free cell-formation, 3, 4, or 
more together, in the interior of certain terminal tubular 
often clavate cells, called asci, as in the subterranean 
esculent fungus called Truffle {Tuber cibarium) in Pesiia 
and generally throughout the great group deriving its 
appellation from this mode of asexual origin of the 
spores in an ascus {Ascomycetes). 

The variety in airangemeot and structure of the asexual 
reproductive system of the Fungi is ejitreme, and in a 
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large proportion of the Order no other mode of repro- 
duction has yet been observed. In several genera how- 
ever the Ufe-history of which has been more fully worked 
out, a true sexual reproduction, determined by the contact 
or confluence of the contents of distinct cells, often in 
but very slight morphological contrast, occurs. The pro- 
duct of this sexual generation varies in the different 
groups of Fungi. 

Though a few of the Fungi are esculent, many are 
dangerous, and some poisonous. None should be eaten 
unless perfectly sound, and species with a disagreeable 
odour should be avoided. Many Fungi are very injurious, 
destroying large quantities of agricultural produce, timber, 
and miscellaneous substances, when circumstances favour 
their development. The Wheat Mildew, Smut and Bunt 
of Corn, Ergot, Hop-blight, the Moulds, and Dry-rot, 
as well as the microscopic unicellular genera which are 
the active agents in putrefactive and fermentative change 
in oiganic substances, are all Fungi. The Vine and 
Potato diseases are also due to the ravages of minute 
entophytal species, which multiply with great rapidity. 
As their spores are excessively minute, they cannot be 
excluded by any mechanical contrivance. 

6. Natural Order— Aigds, The Sea-Weed Family. 

This Family includes an enormous number of chloro- 
phyll-containing species, nearly all adapted to grow under 
water, though by no means all marine, as many are 
wholly confined to fresh water. The characteristic green 
colour of the chlorophyll is in many genera disguised or 
.concealed by a. red, violet, or brownish pigment, the 
presence of which is so conspicuous as well as constant in 
certain groups, especially of Marine Algae, as to serve 
provisionally for their systematic distribution. The Algae 
vary to an extraordinary extent in size, form, and mode 
of reproduction. Some are microscopic and individually 
invisible to the naked eye ; whilst others, especially some 
marine species, attain a large size— a few, indeed, mea- 
suring some hundreds of feet in length. The simplest 
forms consist of single microscopic cells ; hence they are 
often spoken of as Unicellular Algae. These multiply by 
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division and most of them also by a kind of sexual repro- 
duction, in which the contents of two distinct individual 
cells become commingled, and the resulting mass finally 
resolves itself into a number of new individual cells or 
plants. 

Forms of a higher grade of structure are represented 
by the fine hair-like filaments which we find floating in 
rivulets, water-troughs, and ponds, rooted at one extremity 
to stones or to larger water-plants. Many of these 
filamentous species \Confervoide<B) multiply themselves 
asexually by the protoplasmic concents of the cells, which 
applied end to end in a single row form their filaments, 
becoming resolved into innumerable minute bodies, called 
zoospores^ motile by means of the lashing of exserted 
very delicate protplasmic threads {cilia), which break out 
of the cells and rush about in the water until they finally 
settle down, acquire a cellulose membrane, and so lose 
their motility and grow. 

The same species generally present also a sexual pro- 
cess of reproduction, varying in complexity from the 
simplest condition, in which two accidentally contiguous, 
but precisely similar, cells of the same or different fila- 
ments mingle their contents and so form a germ-spore, 
giving origin to one or more individuals, to conditions 
presenting considerable diversity between the sexual cells, 
more especially manifest in the male-cell {antkeridium\ 
which when diverse in form from the female-cell {oo^^o- 
niuni) usually liberates motile zoospore-like antherozoids, 
which become merged in the contents of the oogonium 
and so determine the development, either immediately 
or after a pause, of a germ*spore. 

The yet more complex species, such as the Olive- 
coloured Sea-weeds (Fuci\ which clothe the rocks 
between tide-marks upon our shores, possess a compli- 
cated reproductive system of spores and antheridia, 
contamed in minute cavities {conceptacles\ each opening 
outwards by a spore, at the thickened extremities of the 
divided fronds. Their mode of reproduction, which is 
only sexual, adapted to the medium in which the 
species grow, agrees in essentials with that which is 
characteristic of Ferns and Mosses ; with this difference, 
however, that the coatless germ-cells are actually set 
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wholly free from the parent plant before the contact of 
the minute motile antherozoids which renders them 
capable of immediate independent growth. They have 
no provision for asexual multiplication by means of zoo- 
spores. The Red Sea- weeds are multiplied asexually by 
immotile spores "and sexually, with varying degrees of 
complexity in the apparatus, by means of germ-cells 
which are fertilized by motionless corpuscles liberated 
from the antheridia through the intervention of more or 
less elongated slender tubular style -like prolongations 
either directly or indirectly associated with the future 
germ-cells. 

For further details of the structure of the Algae, I 
must refer to the careful summary in Sachs' "Lehrbuch," 
and, for descriptions and figures of the marine species, 
to the excellent works of the late Professor Harvey. 

Many species are used for food, and Fucus used to be 
burnt for the sake of its alkaline ash (kelp) and for the 
iodine which it contains. 



7. Natural ^r^r— Lichenes. The Lichen Family. 

Lichens occur either as crust-like or leafy expansions, 
or in little branching shrubby tufts, usually coloured grey, 
orange, or greenish yellow. They spread everywhere 
over stones, brick- walls, the bark of trees, and even upon 
the most exposed rocks of Alpine and Arctic regions, 
forming the very outposts of vegetation, and growing at 
the expense, almost solely, of the atmosphere and the 
moisture which it bears to them. 

Lichens are long-lived and intermittent in their 
growth, being at a standstill and often easily crumbling 
away when the weather is dry. A transverse section 
through the crust {thallus) of a typical Lichen exhibits 
under a magnifying power of 400 or 500 diameters imme- 
diately underneath the upper cortical layer of rather 
thick- walled cells, a stratum largely made up of green 
chlorophyll-containing rounded cells, either scattered 
singly or more usually clustered or joined end to end ; 
these, under the name of "gonidia" have been hitherto 
regarded as affording a means of vegetative propagation 
of the Lichen,— the green cells, still retaining their vitality 
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being set free on the disintegration of the crust. Recent 
observations however show that the "gonidia " alone 
cannot reproduce the Lichen, but merely their like ; that 
they give origin to other similar cells, but nothing more, 
and that they present precisely the characters of the 
lower groups of Algae, to various genera of which Order 
they may be actually referred. Intermingled with the 
germ-cells and in intimate contact with them, as well as 
usually forming alone the stratum of the crust imme- 
diately beneath that in which the gonidia abound, are 
long irregularly ramified thread-like cells, destitute of 
chlorophyll, matted often densely together, forming- the 
mass of the crust. From the cortical cells of the lower 
surface copious root-like hairs are given off which serve 
as holdfasts to the thallus. 

Upon the upper surface of the crust and usually visible 
to the naked eye, occurs the so-called " fructification," 
although of asexual origin, in the form of convex, flat, or 
saucer-fike disks in some Lichens (Gymnocarpotis or 
disciferous genera), or in others as rounded cavities em- 
bedded in the substance of the crust, opening at the 
surface merely by a minute aperture {Angiocarpous or 
nucleiferous genera). These disks or cavities are lined 
closely with erect, narrow, often clavate, densely packed, 
microscopic cells, amongst which are numerous asci, each 
containing usually eight or fewer spores, originating, 
as in ascomycetous Fungi, by free-cell formation. These 
spore-containing asci originate from, and in direct con- 
tinuity with, the colourless filaments which form the mass 
of the Lichen, and are not in any organic relation with 
the gonidia. 

The spores are liberated in damp weather, and on germi- 
nation develop thread-like filaments similar to those 
which, matted together, form the tissue from which the 
asci originate. 

It follows therefore that the Lichen may be regarded 
as a composite structure, made up of Alga and ascomy- 
cetous Fungus, each element capable of at least inde- 
pendent asexual propagation, but incapable alone of 
reproducing a Lichen which necessarily requires the 
concourse of both. Since, however, Lichens thus con- 
stituted occupy a very important position in the Vegetable 
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Kingdom w!iich neither Algae nor Fungi alone can fill, 
they may well be treated in an elementary work as an 
autonomous group equivalent to either of these Orders. 

Several species, as Lecanora and Roccella, afford a 
valuable purple and mauve dye ; and a few are edible, as 
the so-called Iceland Moss {Cetraria islandica). The 
Reindeer Moss {Cladonia rangiferina) is a Lichen, 
extremely abundant in polar regions, serving as food to 
the reindeer. 



HOW TO DRY PLANTS. 

Specimens which are to be dried so that they may be 
kept in a Herbarium and referred to or examined at a 
future time, ought not to be gathered at random, but 
should be selected as average representatives of their 
species, unless they be designed to show some departure 
from the typical form. They ought, if possible, to be 
taken up, when in flower, by the root, and the root should 
be pressed, if not too large, along with the rest. If the 
radical leaves be withered at the time of flowering, 
another specimen should be gathered at an earlier season 
to show them, as the radical leaves are often very different 
in form from those of the stem— as, for example, in the 
Harebell. Besides expanded flowers, the bud and ripe 
fruit should be shown ; and if these cannot be had upon 
a single specimen, other examples should be collected, to 
show the plant in its different states. A strong knife or 
small trowel will be found useful to dig up the specimens. 

The specimens should not be allowed to wither before 
reaching home. They may either be carried in a tin box, 
or loosely spread between sheets of paper in a portfolio. 
Fig. 206 shows a collecting portfolio, which may be made 
of two pieces of pasteboard sixteen inches long by ten 
inches wide, fastened, as shown in the cut, by tape or 
straps. A few sheets of absorbing paper must be kept in 
the portfolio. 

In laying out the specimens for the press, use plenty of 
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paper, so that their moisture may be quickly absorbed-, 
and the danger of mould avoided. The specimens should 
be laid between the sheets of drying -paper in as natural 
a position as may be, taking^ care not to crumple the 




Fig. ao6. — Collecting Portfolio. 




leaves or flowers. If the specimens be too long for the 
paper, they may be carefully folded or cut in two. Deli- 
cate flowers should be carefully folded in paper when 
gathered, and kept flat. Do not arrange every specimen 
just in the middle of the paper, but dispose them in such 
a way, that were a pile of them in their papers raised two 
feet high they would not topple over : this will equalize 
the pressure. Several dry sheets ought to be laid between 
each layer of fresh specimens, the quantity of paper de- 
pending upon the thickness and succulence of the plants 
to be pressed. Pasteboards, or, better still, " ventilators ** 
(made the size of the paper, of narrow strips of deal at 
short distances apart, nailed toj^ether in two layers at 
right angles to each other, as shown in the cut, Fig. 207), 
may be introduce! at intervals between the layers of 
paper until the pile be ready for the press, which may 
consist simply of two stout boards, made so that they 
cannot bend or warp^ Between these boards the paper 
and specimens must be placed, and a weight of stones or 
metal, not less than 50 lbs. or 60 lbs., laid upon the top. 
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The papers should be changed several times once a 
day, and then at longer intervals, until' the specimens are 
quite dry, when they should be removed from the press. 
If fresh specimens be placed in the press, while others 
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Fk:. 207.— Ventilator. 

are in process of drying, they niust be carefully separated 
by pasteboard or by a thick layer of paper. The length 
of time which specimens ought to remain in the press 
varies with their nature, whether dry or succulent, and 
with the kind and quantity of paper used. A good and 
cheap paper for pressing plants (17 ins. by 11 ins.) is sold 
by wholesale stationers at about 17^. per ream. Com- 
mon stout brown paper, of the same size, which answers 
very well, costs about 14^. per ream. It may be cut to 
any size, but, generally, it should not be less than sixteen 
or eighteen inches long by ten inches wide. Practice 
will soon suggest many little useful expedients in drying 
plants which it is needless should be detailed here. 

The dried specimens should always be accurately 
labelled with the locality, name of finder, name of the 
plant, and any other details which may be thought 
desirable. They may either be kept loose in sheets 
of paper, or (and necessarily, if intended for use in a 
school, or for frequent consultation) mounted upon sheets 
of stout cartridge paper of a larger size than foolscap, 
which may be obtained ready cut (16J ins. by 10 ins.), at 
a cost of about 20s, to 24s, per ream. A ream consists 
of 960 half-sheets, sufficient for as many specimens. 

The specimens should be fastened to the Herbarium 
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paper with hot glue, about the consistency of cream, the 
glue being laid on the specimens with a hair penciL 
The newly-mounted sheets should be placed between 
waste paper or newspapers, and pressed over-night, 
before they are finally retouched and placed in the Her- 
barium. Straps of gummed thin paper may be fastened 
over the thicker parts of the specimens, to prevent 
them breaking loose from the paper when accidentally 
bent. 

The mounted specimens belonging to the same genus, 
or a part of them if the genus be a large one, may be 
placed in a folded sheet of a stronger and coarser paper 
than that upon which the specimens are glued ; upon this 
cover, at the bottom, the name of the genus and of its 
Natural Order may be marked* The genera should be 
arranged in their Natural Orders, the Natural Orders in 
their respective Divisions and Classes, and the whole 
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placed in a suitable cabinet, which, however, need not 
be procured just at first. 

Whatever the form of the cabinet in which the Her- 
barium is kept, it should be securely closed, so as to 
exclude dust, and camphor should be placed upon the 
shelves, unless the specimens are well washed over with 
a preservative solution before being laid in.* The pre- 
ceding cut shows an excellent form of cabinet, made of 
deal, similar to those in use at the Herbarium of the 
Koyal Gardens, Kew. 

* The preservative solution may consist of corrosive sub- 
limate dissolved in spirits of wine, in the proportion of two 
drachms to the pint It is very poisonous, and should be kept 
labelled, and used with care. 
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HOW TO DESCRIBE PLANTS. 



When the student has acquired facility in filling up schedule^ 
from plants belonging to all the principal divisions of Phanero- 
gamia, it is desirable that he should proceed to describe speci- 
mens more at length, as shows in the folloviring examples. As 
the principal use of the schedules is to compel the attention to cer- 
tain important points of structure, care must be taken never to 
omit reference to these important points in describing plants in 
this way. If, however, as is best, the description be headed 
with th6 Class and Division to which the plant belongs, it i^ 
not necessary (except in Examination exercises) to detail all the 
characters which are implied by referring it to such Class and 
Division. The organs must be described seriatim in the order of 
their development. 



Common Wallflower. Cheiranthus Cheiri. 
CLASS Dicotyledons. Division Thalami florae. 

A herbaceous plant, somewhat woody below, with alternate 
entire exstipulate leaves, and racemose ebracteate flowers. 

root biennial, woody, branched. 

STEM erect, branched, leafy, slightly angular, hoary at first, 
with minute adpressed hairs, glabrescent. 

LEAVES cauline, alternate, linear-lanceolate or lanceolate 
acute, attenuate below, entire or slightly-toothed, glabrous, 
exstipulate. 
- RACEMES terminal, erect, many-flowered. 

FLOWERS regular, ebracteate. 

T 2 
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CALYX inferior, polysepalous, deciduous ; sepals 4, lanceolate, 
anterior and posterior gibbous at base. 

COROLLA cruciate, jrellow or reddish brown : petals clawed, 
limb obovate, claw linear. 

STAMENS tetradynamous, erect ; filaments filiform ; anthers 
lanceolate, 2-celled, introrse, dehiscing longitudinally. 

PISTIL syncarpous, superior ; ovarylmitzx^ slightly compressed, 
spuriously 2-celled : style terminsd, short ; sHpna 2-lobed ; 
ovules indefinite, parietal. 

FRUIT a linear siliqua ; seeds indefinite, pendulous, com- 
pressed, exalbuminous ; enibryo with a curved accumbent 
radicle. 

Garden Pea. Pisum satiimm, 
CLASS Dicotyledons. Division Calyciflorse. 

A weak climbing annual herb, with alternate stipulate com- 
pound leaves ending in tendrils, and irregular (papilionaceous) 
lowers. 
- ROOT fibrous, branched. 

STEM weak, climbing, slightly branched, glabrous, 
i • LEAVES cauline, alternate, pinnate (bi- tri- jugate), terminating 
in tendrils (metamorphosed leaflets) ; leaflets slightly ovate, 
glabrous, glaucous ; stipules foliaceous, ovate-cordate, slightly 
crenate. 

FLOWERS large, iiregular (papilionaceous), in 2 — 3-flowered, 
axillary, pedunculate racemes. 

CALYX gamosepaloiis, 5-toothed, bilabiate, persistent. 

COROLLA papilionaceous, white ; vexiilum large, broadly ob- 
cordate, erect ; alts roundish, converging, shorter than the com- 
pressed, curved carina, 

STAMENS perigynous, decandrous, diadelphous ; .filanitnts 
subulate above ; anthers 2-celled, dehiscing longitudinally. 

PISTIL monocarpellary ; ovary superior, oblong, compressed, 
I- celled ; style terminal, subfalcate ; stigma simple ; ovtUes few, 
attached to the ventral suture. 

FRUIT a legume ; seeds few (3 — 9), globose, exalbuminous, 
with a .coriaceous, glabrous testa. 

Common Heracleum, IleraclmmSphondylmm. 

CLASS Dicotyledons. Division Calyciflone. 

A coarse erect hairy herb, with fistular stem, much-divided 
leaves with dilated sheathing petioles, and small white flowers in 
terminal compound umbels. 
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ROOT rather fleshy, .tapering, sub-perennial. 

STEM erect, branched, fistular, terete, furrowed, rough with 
spreading hairs. 

LEAVES large, radical andcauline, alternate ; //AV/f broadly 
sheathing ; blade pinnatifid or bipinnatifid, segments usually 
lobed and toothed, pubescent. 

UMBELS terminal, compound ; involucre o or of few, lanceo- 
late, acute bracts ; ifwolucels of several linear-lanceolate, acute 
bracteoles. 

FLOWERS hermaphrodite, irregular, white or tinged with red. 

CALYX gamosepalous, adherent ; limb minutely 5-toothed. 

COROLLA polypetalous (outer petals larger) ; petals obcordate, 
apex inflexed. 

STAMENS epigynous, pentandrous ; filaments filiform ; anthers 
ovate, bilocular, dehiscing longitudinally. 

PISTIL syncarpous, digynous ; ovary inferior, 2-celled ; styles 
2 short, erect ; sti^nas terminal, simple ; ovules one in each cell, 
pendulous, anatropous. 

FRUIT a cremocarp, pubescent or nearly glabrous ; mericarps 
dorsally compressed, broadly oval, slightly winged, with 5 slender 
primary ridges; vitta solitary in the interstices, clavate, not 
reaching to the base of the mericarps ; seeds one in each cell, 
albuminous ; embryo with a superior radicle. 



Common Ivy. Hedera Helix. 
CLASS Dicotyledons. Division Calyciflorse. 

A climbing evexgreen shrub, with coriaceous shining leaves, 
and inconspicuous umbellate yellowish-green flowers. 

STEM climbingy emitting numerous short adventitious rootlets 
by which it adheres to objects over which it climbs ; flaiverin^ 
branches forming large bushy heads, the young shoots puberulous', 
at length glabrous. 

LEAVES cauline, alternate, petiolate, exstipulate, coriaceous, 
glabrous, shining; of the flowering branches lanceolate, ovate, 
rhomboidal or deltoid, with rounded angles, entire or slightly, 
lobed ; of the barren branches cordate at the base, usually 3— 5 
lobed, lobes deltoid or ovate, acute or obtuse 

FLOWERS hermaphrodite, regular, in paniculate or racemose, 
globose umbels. 

CALYX gamosepalous, adherent ; limb nearly obsolete, min- 
utely 5 toothed. 

COROLLA polypetalous ; pdals 5, at length reflexed, deciduousF. 
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STAMENS epigynOus, pentandrous ; filaments subulate ; anthers 
2-celled, dehiscing longitudinally. 

PISTIL* syncarpous, monogynous ; ovary inferior, 5 -celled; 
styles very short, connate ; stigmas simple, obtuse ; ovules soli- 
tary, pendulous, anatropous. 

FRUIT a globose berry, i — 5-celled, I — 5-seeded ; seeds albu- 
minous, albumen ruminated ; embryo with a superior radicle. 



Common Primrose. Primula vulgaris. 
CLASS Dicotyledons. Division CoroUiflorae. 

A perennial acaulescent herb, with simple radical leaves, and 
pale sulphur-yellow flowers on slender scapes. 

ROOT of several stout fibres, from a short, fleshy, subterranean, 
perennial rhizome. 

LEAVES radical, tufted, obovate*oblong or oblanceolate^ 
toothed, rugose, slightly pubescent, nearly sessile, exstipulate. 

FLOWERS r^ular, hermaphrodite, on slender, erect or ascend- 
ing, pilose, I -flowered scapes. 

CALYX inferior, gamosepalous, slightly inflated, 5-fid, with 
acute teeth, persistent. 

COROLLA hypogynous, hypocrateriform ; tube exceeding the 
calyx ; limb 5-lobed, lobes obovate, emarginate. 

STAMENS pentandrous, epipetalous, opposite to the lobes of the 
corolla (inserted either at the top of the tube above the stigma, 
or near the middle of the tube and below the stigma) ; filaments 
short ; anthers erect, oblong, 2-celied, dehiscing longitudinally. 

PISTIL syncarpous, monogynous ; o7jary superior, globose, i- 
celled ; style terminal, erect, filiform ; stigttm capitate ; ovules 
indefinite, upon a free central placenta. 

FRUIT a capsule, dehiscing by teeth ; seeds indefinite, angular, 
albuminous ; embryo minute. 



R AG WO RT. Senecio Jacobeea. 
CLASS Dicotyledons. Division CoroUiflowe. 

A perennial herb, with much divided simple leaves, and ter- 
ininal cymose heads of yellow florets. 

ROOT fibrous, from a short, fleshy, perennial root-stock. 

STEM annual, erect, 2 — 4 feet high, branched, leafy, furrowed, 
glabrous or sparsely tomentose. 



APPENDIX. 279 

LEAVES alternate, radical and cauline ; radical leaves lyrate- 
pinnatifid, cauline pinnatifid, segments pinnatifid or coarsely 
toothed, glabrescent, exstipulate, 

CAPITULA heterogamous, pedunculate, peduncles usually 
cottony : involucre hemispherical, of numerous (13 — 15) oblong- 
lanceolate, subacute, equal bracts : outer scales lax, minute : 
-receptacle ^9Xov slightly convex, naked \ florets numerous, yellow ; 
of the disk regular, hermaphrodite, of the ray irregular, pistillate. 

CALYX gamosepalous, adherent, limb pappose. 

COROLLA (of Ihe disk-florets) tubular, 5-toothed (of the ray 
florets), ligulate, spreading, 3-toothed. , 

STAMENS pentandrous, epipetalous.; filaments filiform, epipe- 
talous ; anthers syngenesious, linear, 2-celled, dehiscing longi- 
tudinally. 

PISTIL syncarpous ; ovary inferior, i -celled ; style filiform ; 
stigma bifid ; ovule solitary, erect, anatropous. 

FRUIT an achene with pilose pappus ; seed solitary, erect, 
exalbuminous ; embryo with an inferior radicle. 



Common Beech. Fagus syhatica. 
CLASS Dicotyledons. Division Monochlamydese. 

A large, deciduous tree. 

BRANCHES flexuose, slender, terete, reddish-brown, glabrous. 

LEAVES alternate, petiolate, simple, elliptical or ovate, den- 
ticulate-serrate or nearly entire, sub-acute, shining, with sparse 
silky hairs when young, glabrous at length, secondary veins 
straight, parallel, reaching to the margin ; petioles short ; stipules 
scaly, linear-lanceolate, caducous. 

FLOWERS axillary, monoecious : — male flowers In pendulous, 
pedunculate, subglobose, silky catkins ; perianth campanulate 
multifid, lobes acute*; stamens about 9 (5 — 12), exserted, flla- 
ments filiform, anthers oblong, 2-celled, dehiscing lon^tudi- 
nally ; pistil o ; female flowers^ usually in pairs inclosed in an 
erect, shortly pedunculate involucre, covered with subulate 
silky scales ; ferianth gamophyllous^ superior, limb minutely 
toothed ; stamens o ; ovary inferior, syricarpous, triquetrous, 
3-celled ; styles three, subulate, spreading ; stigmas linear, 
lateral ; ovules 2 in each cell, axile. 

FRUITS ovoid, acutely triquetrous, T-celled, usually in pairs, 
incloted in a silky 4-valved rather prickly involucre with the 
calves at length recurved ; seed solitary, exalbuminous ; etttbryo 
with a superior radicle. 
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Spotted Orchis. Orchis viaculaia, 
CLASS Monocotyledons. Division Petaloideae. 

A glabrous unbranclied herb, with sheathing leaves, and a 
terminal dense spike of pale purple or nearly white blotched 
irregular flowers. 

ROOT of two fleshy 2- or 3lobed, flattened, annual tubers, and 
a few simple fibres. 

STEM erect, succulent, about i foot high, leafy. 

LEAVES radical and cauline, alternate, sheathing, ovate- 
lanceolate or linear-lanceolate, acute or obtuse, glabrous, usually 
marked with blackish blQtches above. 

FLOWERS hermaphrodite, densely spicate, bracteate ; bracts 
linear-lanceolate, acute, exceeding or equalling the ovary. 

PERIANTH irregular, superior ; three outer leaves (sepals) 
oblong-lanceolate, lateral sepals oblique, ascending ; three inner 
leaves {petals) unequal, lateral petals ovate, obtuse, connivent, 
lower petal {labellutn or lip) 3-lobed, plane or with the margins 
reflexed, lateral lobes usually larger, crenulate, obtuse, central 
lobe ovate or oblong, obtuse ; spur slender, rather shorter than 
the ovary. 

COLUMN short ; anther erect, 2-celled, dehiscing in front; 
pollen-masses 2, each with a caudicle and distinct gland, the 
latter embedded in the projecting rostellum. 

OVARY inferior, twisted, i -celled ; stigma concave, immedi- 
ately beneath the rostellum ; oifules indefinite, parietal, in 3 
rows. 

FRUIT a capsule, dehiscing in 3 valves cohering at base and 
apex ; seeds indefinite, minute exalbuminous ; embryo acotyle- 
donous. 

Common Wheat. Triticum vulgare, 
CLASS Monocotyledons. Division Glumiferae. 

An annual corn-plant, with erect, distichous, spicate in- 
florescence. 

ROOT fibrous. 

STEM erect, jointed, terete, striate, glabrous. 

LEAVES cauline, alternate, sheathing, linear, acuminate, striate, 
slightly scabrous above ; sheath terete, striate, glabrous ; ligtUe 
very short, truncate, membranous. 
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INFLORESCBNCB spicate, 3 — 4 inches long, tetragonous, rachis 
compressed, ciliate ; spikelets alternate, distichous, compressed, 
5 — 9-flowered, sessile, attached by their sides to the rachis.^ 

OUTER GLUMES nearly equal, coriaceous, ovate, ventricose, 
obliquely subcarinate, obtuse, apiculate, glabrous. 

FLOWERING GLUME ovate-oblong, coriaceous, ventricose, 
obscurely 7 — 9-nerved, aristate. 

PALE equalling the flowering glume, narrowly oval, obtuse, 
bicarinate with inflexed margins, angles minutely ciliate. 

STAMENS triandrous, hypogynous ; filaments capillary ; anthers 
versatile, linear, bilocular, dehiscing longitudinally. 

LODICULES 2. 

PISTIL syncarpous ; ovary superior, i -celled, globose ; style^ 
2 ; stigmas plumose ; ozmle solitary. 

FRUIT a free caryopsis ; embryo at the base of mealy albumen. 

N.B. — Wheat occurs under many varieties, as indeed do 
several of the plants which I have described above in brief. 
The varieties of wheat differ in the presence or absence of an 
awn to the glumes, and in other trivial characters. 
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ASies» 249. 

Abortiotif imperfect or rudimentary 
development. 

abrupt, applied to organs termina- 
ting suddenly. 

Abrus, X49. 

Absolution, 13. 

Acacia, zsa 

acaulescent, apparently stemless. 

accresctntf applied to parts of the 
calyx or corolla which persist and 
enlarge after floitering, 199. 

accumbent, 134. 

Acerineae, 140. 

Achene, 85. . 

Achlamydeae, 91^. 

acfUan^deouSt without either calyx 
or eorolla, 34. 

itcicutar, 65. 

Aconite, 1x5. 

Aconitum ferox, Z15. 

Acorn. 83. 

Acotyledons, 252. 

Acrogens, 258. 

Aculeiy prickles; a^M/^ra/^, prickly. 

Acumen, a long narrow pomt ; acu- 
fninate, having an acumen. 

acute, 69. 

Adam's Needle, 226. 

Adder's Tongue, 256. 

Adhesion, 23. 

€uinate, aidherent; also applied to 
anthers with the . filaments pro- 
longed up the back of the anther. 

iCgilops, 341. 

neriat(roots), 58. 

.^sculus, 14Z. 

ySsttvation, 74. 

Agaricus, 263. 

Agave, 234. 

Al^. wings (of papilionaceous co- 
rolla, 147) ; alatef winged. 

Albumen, 9. 



albuminous, 38, 89. 

Alburnum. See Sap-wood. 

Alder, 2x4. 

Al^, 265. 

Ahsma Family, 221. 

Alismacese, 221. 

Alkanet, 196. 

Alnus, 3x4. ^ 

Aloe, American, 934. 

Aloes, 226. 

Alopecurus, 239. 

alternate, 6z. 

Amaryllidese. 2^3. 

Amaryllis Family, 233. 

Ament, 212. 

Amentaceae, 2x2. 

American Aloe, 234* 

amplexicaul, 69. 

atiatropous, applied to ovules when 
inverted, so that the micropyle 
adjoins me hilum, and the organic 
base of the nucleus (where it is 
united to the coat or coats of the 
ovule) is at the extremity remote 
from the hilum. 

Anchusa, X90. 

Andreecium, the stamens of a flower 
collectively. 

-androus, in composition, applying to 
the stamens. 

Anemone, 1x4. 

angiosftermous, 246. 

Angiosperms, plants having^ the 
ovules and seeds inclosed in an 
ovary. 

Anise, 164. 

annueU^ producing seed and dying 
in the first season. 

ff«ff im;/ (zonesX X02. 

anterior, same as inferior when ap- 
plied to the relation or the parts 
of a flower to the axis. 

Anther, 6, X57. 
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centripetal, same as bdefinite, ap- 
- plied to an inflorescencei 73. 

Ceratonia, 14^ 

Cercis, Z48. 

ctTHMous, pendulous, overlianging. 

Cetraria, 369. 

Ckalazat the part of an ovule where 
the . base of the nucleus is united 
to its coats. 

Chamerops, 2xg. 

Chamomile^ 176, 177. 

Chenopodiaceae, 198. 

Chenopodium, 198. 

Cherry, 83. 

Chestnut, 212 ; Horse Chestnut, 141. 

Chicory, 178. 

Chlora, 187. 

Chlorc^hyil^ 96. 

Chrysanthemumi 177. 

Churras, 307. 

Cichorium, 178. 

Cicuta, 164. 

ciliate, fringed with hairs. 

Cinchona, 170. 
, Ct/te/ichyma, branching vessels con- 
taining white or coloured fluid 
(milk-sa]^). 

Cineraria, 178. 

cirtinate, 354. 

CirailaiioH of sap, 103. 

circumscissile, dehiscing trans- 
versely; applied to capsular 
fruits. 

Cistaceae, 196. 

Gstus .Family, zsfi. 

Qadodia, 325. 

Cladonia, 369. 

Classification of plants, xo8. 

ciavate, club<«haped. 

claWf 74. 

Cleavers, X7X. 

Clematis, 1x4. 

Clover, X48. 

Clubmoss Family, 250. 

CoccttSt the x-seeded carpel of a 
syncarpous fruit, the carpels of 
which separate from each other 
when ripe. 

Cocoa, X37. 

Cocoa^ut, 23a 

Coffee^ 169. 

Cohesion^ 23. 

Coir fibre, 22a 

Ctf/^/iA^ specimens, 269. 

Collective fruits, 86. 

Colocacia, 2x7. 

Colocvnth, XS7. 

^--oltsfoot, X77» 



Columbine, 1x5. 

Columella^ the central ox^gan in the 

sporange of mosses. 
Column, 229. 
Commissure, X63. 
complete, appliMl to flowers when 

calyx, corolla, stamens and pistil 

are present. 
Compositae, X73. 
Composite Family, 173. 
Compound leaves, €5. 
CoMcej^tacie, a closed cavity con- 
taining fructiiicatioa in Qypco- 

gams, 266. 
condupiicate^ folded down the 

middle. 
Cones, 87. 
Confervoideae, 266. 
Coniferae, 244. 
Conium, 164. 
connate, 70. 
Connective, the portion of the anther 

connecting toe ' pollen - besuing 

lobes. Cn Salvia, 195. 
contorted, twisted. 
Convolvulaceae, 188. 
Convolvulus Family, z88. 
convolute, applied to leaves rolled 

inwards from one edge. 
Copal, X49. 
Coquilla nut, 330. 
cordate, 65. 

coriaceous, of leathery consistence. 
Corianders, 164. 
Cork, 213. 
Corm, 6o. 
Com-salad, X72. 
Comaceae, X67. 
Cornel Family, x67» 
Comus, 167. 
Corolla, 6. 
Cbrolliflorae, 167. 
Corona, 43. 
Corylaceae, 2x0. 
Corylus, 210, 2x2. 
Corymb, 72. 
Cotton, 135. 
Cotton Sedge, 336. 
Cotyledon^ 36, 47. 
Cow-parsnip, 27, x6i. 
Cow-wheat, 193. 
Cowbane, 164. 
Cowdi Pine, 949, 
Cowslip, 182. 
Cranberry, x8o. 
Crane's-bills, 138. 
Cras&ulaceae, 158. 
Cremocarp, x62. 
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Crocus, 233. 

Croton>oil, 206. 

Crown Imperial. 226. 

Crucifer Family, 122. 

Cruciferae, 122. 

Cryptogamic plants, 251. 

Cuckoo Pint, 40. 

Cucubalus, 129. 

cucuHate^ hooded. 

Cucumber, 157. 

Cucurbitaceae, 156. 

Cudweed, 17^ 

Culnit 238. 

Cumin, 164. 

cuneate^ wedge-shaped. 

Cupressus, 246, 250. 

cupttlar^ cup-shaped. 

Cupule^ the cup-like involucre of 

Corylacea. 
Currants, 139. 
Cuscuta, 188. 
cnspidatey with an abrupt, acute 

pomt. 
Cyclamen, 182. 
Cyme^ cyntose^ 73. 
Cyperaceae, 233. 
Cyperus, 237. 
Cypress, 246, 250, 
Cypripedium, 231. 



Daffodil, .233. 

Dahlia, 178. 

Daisy, 28, 174. 

Dammara, 249. 

Dandelion, 173, X74, 178. 

Daphne Family, 201. 

Date Palm, 220. 

Datiura, 191. 

Deadnettle, 30, 194. 

Deal, 249. 

decu' or decetn-t ten in composition. 

decandrous, 54. 

deciduous^ 6. 

declinate, applied to stamens when 
directed to one side. 

decumbent^ applied to stems hori« 
zontal at first, when rising from 
the ground towards the inflores- 
cence. 

decurrentt 7a 

decussate^ with opposite pairs 
alternating at right angles. 

definite, injnorescefices, 73 ; seeds, or 
ovules, 19 ; vascular bundles , 
99. 

dehisce, dehiscent, 83, 84. 

O.B. 



Dentaria, 124. 

dentate, 70. 

denticulate, finely-toothed. 

Descending axis, 9. 

Describing plants, 275. 

determinate, api>lied to an inflores- 
cence which is definite, centri- 
petal, or cymose. 

di', two in composition. 

diadeiphous, 25. 

diandrous, 54. 

Dianthus, 129. 

Dicentra, 122. 

Dichlamydeae, 50, ixj. 

dic/ilAmydeous, with calyx and co- 
rolla, 18. 

dichotomous, forked. 

diclinous, flowers with stamens 
only, or wjth pistil only. 

dicoccous, applied to syncarpous 
fruits consisting o£ two coccL 

dicotyledonous, 37. 

Dictoyledons, 39, 49; classification 
of, 113. 

didynamous, two Jong and two 
short, applied to stamens, 31. 

Diffusion, 104. 

DigitaUs, 192, 

digitate, 67. 

digynous, with two styles. 

Dill. 164. 

dimerous, applied to flowers with 
parts in twos. 

Dimorphism of flax, 133 

dioecious, with stammate and 
pistillate flowers on difl*erent 
plants, 33. 

Dionaea, z6o. 

Dioscorea, 235, 

Dioscoreaceae, 234. 

Dipsaceae, 172. 

Dipterix. 148. 

Disk, a cellular ring- or cup-like 
thickening of the receptacle, 
either free, or adherent to the 
calyx-tube or ovary, 29. 

dissected, cut into fine divisions. [ 

Dissepiments, 80. 

distichous, in two rows. 

diitractile, applied to anthers when 
the anther-lobes are widely separ- 
ated from each other by an exten- 
sion of the connective. 

Dock, 200. 

Dodder, 188. 

dodecandrous, with twelve stamens. 

dorsal, 80. 

Douglas Fir, 2^9. 

U 
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Drosera, i6o. 

Orupacaceae, 151. 

Dntf>tt 83. 

Dry-rot, 267. 

Dfyinjl' p^ntt, 869. 

Duckweed Family, sxj. 

Ducts, dotted and pitted vessels. 

Duramfn (see Heart-woodj. 

Durra, 241. 

Dutch Rush, 259. 

Dryer's Woad, 124. 



Earth-nut. 148. 

Ebony (West Indian), 149. 

tbracteate, 74. 

Echinops, 177. 

*it%boraied fix^^ xo6. 

ElaterSy elastic sjxral fibres asso- 
ciated with the spores of certain 
Cryptogams. 

Elder, i68. 

Elements in plants, 13. 

Elephant's Foot, 235. 

elliptical, 65. 

Elm Family, 209. 

Elodea, 223. 

emarginate, 69. 

Knibryo, 9. 

Embrvo-saCt the large cell of the 
nucleus of the ovule in which the 
embryo originates, 20. 

Embryo-Z'esicle, the rudimentary 
cell from which the embryo de- 
velops, formed within the em- 
bryo-sac ; called also the germinal 
vesicle. 

Enchanter's Nightshade, 154. 

Eftdocarp, the inner layer of the 
pericarp. 

eiuio^enouSf zo2. 

Endosperm, albumen formed inside 
the embryo-sac. 

Endostfime, the micropylar opening 
through the inner coat of an 
ovule. 

ennea; nine in compositton. 

enneandrous, 54. 

ensi/orm, sword-shaped. 

entire, 6, 70- 

Envelopes of the flower, 18. 

E^tcalyx, 134, 15a. 

Epicarp, the outer layer of the 
pericarp. 

Epidermis, xo6. 

epigynoHs, inserted upon the ovary ; 
applied to petals and stamens, 27. 

Epilube, 155. 



Ei>imedium, xi6. 

epipetaloHSy 29. 

ept^ylhus^ 44. 

epiphytal, 231. 

equally- pinnate, pinnate without an 
odd, terminal leaflet. 

Equisetaceae, 258. 

I^uisetura, 258. 

eguitant, applied to condttplicate 
leaves folded one ov:r the other 
(leaves of Iris, 232)1 

Ei^ot, 965. 

Erica, 180. 

Ericaces, X79. 

Eriophorum, 236. 

Erodium, r39. 

Eryngo, 163. 

Eschscholtzia 121. 

Euonymus 142. 

Euphorbia, 203. 

Euphorbiacez, 202. 

Euphrada* 193- 

Evening Primr :se, 155. 

Everlastings, 178. 

exalbuminous, 38, 89. 

exogenous, lox. 

Exogonium, 189. 

Exostome, the micropylar opening 
through the outer coat of an 
ovule. 

exserted, projecting beyond. 

exstipnUtte, 70. 

Extine, the outer coat of a pollen- 
grain. 

extrorse, applied to aothers dehisc- 
ing on the side from the pistil. 

Eyebright, 193, 



Fagus, 2x2; described, 270. 
JaUate, curved hke a scythe. 
/asciculate^ 71. 
Feather Grass, 238. 
Fennel, x^x, 164. 
Fern Family, 253. 
Fertilization of ovule, aob 
Fibro-vasctdar lystem, 99. 
JibrouSy 58. 
Ficus, 208. 
:/?(/, in composition, divided to 

about the middle. 
Fig, 87, 208. 

Fig wort Ranunculus, 1x5. 
Ft lament f 6. 
Filices, t53. 
/ili/orm, tnread-Iike. 
Jimbriate, fringed by 6ne divisions 

of the lamina. 
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Fir, 244. 
Jistular^ hollow, 340. 

Flag, 233. 

Flax, 132. 

Flax Family, 132. 

Flax, New Zealand, 226. 

F'loret^ the flower of a Composite, 
or of a Grass. 

Flffiver-keady 29, 72. 

Flower^ structure of, 4. 

Flowering Rut>h, 223. 

F'lowerless plants, 251. 
yoliaceoiiSf leaf -like. 

Foramen. See micropyle. 

Forget-me-not, 189. 

Foxglove, 192. 

Foxtail grass, 239. 

Fraxinus, 183. 

yree^ neither coherent nor adherent, 
yr^^ r^M//Yr/ placentation, 8i. 

French Beans, 149. 

French-berries, 144. 

Frogbit, 223. 

Frotidf the leaf of a fern, or leaf- 
like expansion of a Cryptogam. 

Fruit, 8, 82, 87. 

Fuchsia, 154. 

Fucus, 267. 

Fumariacez, T2T. 

Fumitory Family, 121. 

Fungi, 263. 

Fitnicle^ 14 a. 

Fur2e. 147. 
/usi/ornty spindle-shaped. 



Galbulus, 248. 
' galeate, helmet-shaped. 
Gallic acid, 213. 
Gamopetalae, 50, 167. 
gamophyllouSt 42. 
gamose^loHSy 25. 
Garancine, 170. 
Garlic, 2^6. 
rentinatey in pairs. 
Gentian Family, 187, 
Gentianaceac, 187. 
Genus, no. 
Geraniacex, T38. 
Geranium Family', 138. 
Gerwiftaiion, 37. 

gibbonSy with a short, obtuse spur. 
Ginseng, 165. 
glabrous, 4, 70. 
Gladiolus, 273. 

Glands^ cells, or hairs containing 
or secreting resinous or oily 
matter; or the lobes of the 



involucre of Spurge, 204 ; or of a 

disk ; glands of poUinia, 229. 
Glasswort, 200. 
Glaucous, bluish-green. 
Glaux, 182. 
Glumes, the scaly bracts of Grasses 

and Sedges, 45. 
Glumiferae, 50, 236. 
Glycynrhiza, 149." 
Gonidta, cells capable of develop- 

ing new plants, liberated by tne 

vegetative system of leafless 

Cryptogams, 268. 
Good-King-Henry. 199. 
Goosebeny, 84, 159. 
Goosefoot Family, 98. 
Goosegrass, 171. 
Gossypium, 136. 
Gourd Family, 156. 
Graft, 153. 
Gram, 149. 
Gram nea:, 338. 
Grass Family, 238. 
Grass-cloth, 307. 
Ground-nuts, 149. 
Guelder Rose, 168. 
Gum Arabic, zsa 
Gutta Percha, 305. 
gymnospertnous, 245. 
Gymnosperms, plants with naked 

seeds: i.e. nut inclosed in an 

ovary. 
gyuandrous, applied to stamens 

adhermg to the pistil, 43. 
gynobastc, 190. 
Gyncecium, the pistil or carpels of a 

flower collectively. 
Gynophore, a .^talk supportiog the 

ovary above the rest of the 

flower. 
'gynouSf in composition, applying to 
the pistil. 



Hsmatoxylon, 149. 

Ijatr Moss, 263. 

hairy, 4. 

Hart's-tongue, 255. 

hastate, 6b. 

Haxel Family, aia 

Heart-wood \QT duramen\ the ma- 
tured central portion of the wood 
of £xogens. 

Heath Family, 179. 

Hedera, 164 ; described, 277. 

H^lianthus, 177. 

Heliotrope, 190. 

Hellebore, 114. 



292 



INDEX AND GLOSSARY. 



Hemlock. 164. 

Hemp, 207. 

Henbane, 191. 

Henna, 156. 

Hepatica. 115. 

heptU'y seven in composition. 

heptandrouSt 54. 

Heracleum, 161 ; described, 876. 

kerbnceoust not woody ; dying down 

in winter. 3> 
HerbariutH, 369. 
hermaphrodite t with stamens and 

pistil in the same flower. 
heterogamsitSt 175. 
hex- hexa't six in composition. 
hexandrous, 5^. 
Hilum^ the point of attachment of 

a seed or ovule, 36. 
hirsute t with rather long, stiff hairs. 
hispidy with short harsh hairs. 
Holly Family, 143. 
hmnogamotts^ 175.^ 
Honeysuckle Family, 167. 
Hop, 207. 

Hordeum, 339, 341. 
Hornbeam, 213. 
Horse Chestnut, 141. 
Horsetail Family, s6z. 
Houseleek, 158. 
Hoya, 187. 
Humulus, 307. 
Hyacinth, 326. 
Hybrid^ a cross between two 

species. 
Hydrangea, z6o. 
Hydrocharideae, 933. 
Hydrocharis Family, 323. 
Hydrocotyle, 163. 

Hymenium, the surface bearing 
spores or spohdia in leafless 
Cryptogams ; usually restricted 
to Fungi. 
Hyoscyamus, xgz. 
Hypericines, 129. 
Hypericum Family, X29. 
Aj'/ivrrt/ffr^rw, salver-shaped ; ap- 
plied to gamopetalous corollas 
with a long tube, and flat, spread- 
ing limb. 
hypogynouSy inserted under the 
ovary ; applied to stamens and 
petals, 7. 



Iceland Moss, 369. 

icosaitdrous, with twenty stameiy: J 
applied to flowers \n which they 
are inserted upon the calyx. 



Ilex. 143. 

imbricate, overlapping^, 74. 
imparipirtttate, pinnate with an odd 
leaflet 

impet^ecty ^ with stamens only, or 
with pistil only. 

Incompletae, 50, tp8. 

incomplete, when one or more of 
the whorls^ (calyx, corolla, sta- 
mens, or pistil) is absent from a 
flower. 

incumbent^ 124. 

indefinite^ 73, 84, 89, 99. 

ifidehiscent, 84. 

indetermitiatet applied to an in- 
florescence which is iDdefioite or 
centripetal. 

Indian Com, 339, 343. 

Indian Cress, 139. 

India-rubber, 208. 

Indigo, Z49. 

Indi^ofera, Z49. 

Individuals y ixo. 

Jndusiumt 254. 

inferior » (ovary), adherent through- 
out, or nearly so, to the caTyx; 
(calyx) free from the ovary ; (re- 
lation of parts of a flower to the 
axis]) farthest from the axis : 
(radicle) directed towards the base 
of the fruit. 

Inflorescence y 72. 

in/undibuli/ortn^ funnel. shaped. 

innaiet applied to anthers when the 
fllaraent appear to terminate at 
their base. 

inorganic elements, X4. 

Insertion, point of attachment. 

intercellular spaces, 107. 

Intemode, 4. 

interpetiolar, between the petioles 
of opposite leaves , applied to sti- 
pules, &c. 

Intine, the inner coat of a pollen- 
grain. 

introtse, applied to anthers dehiscing 
on the side totVards the pistil. 

Involucre, a whorl of bracts. 28, 72. 

involute, with the margins rolled in- 
wards. 

Ipecacuanha, 170. 

Iridese, 232. 

Iris Family, 332. 

irregular, 25. 

Irritability^ 150. 

Isatis, 124. 

Ivory, vegetable, 220, ?2x. 

Ivy, 164 ; described, 277. 
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Jalap, 189. 

Jerusalem Artichoke, 177. 

Jessamine, 185. 

yointy the point where two parts are 

united. 
Jonquil, 234. 
Judas-tree, 148. 
Jujubes, 144. 
Juncacex, 236. 
Juniper, 247, 248, 350. 
Jute, 137. 



Kalmia, 180. ^ 

Keel, a median projecting ridge; 
keel of papilionaceous corolla, za6. 
Kelp, 267. 



T^biatae, 194. 

Labiate Family, 194. 

Laburnum, 149. 

Lace-bark, 202. 

iaciniate, irregularly cut. 

Lady's Slipper, 231. 

Lagetta, 202. 

Lamb's-Iettuce, 273. 

L,atnifta, 74. 

Lamium, 194. 

ianate, with wool-like, rather long 

and felted hairs. 
ianceolaUj 65. 
Larch, 249. 
Larkspur, 1x5. 
Lattice-leaf, 2x9. 
Laurel, X54. 
Lavender, 195. 
Leaflet^ 67. 

Leavesy 3, 61 ; forms of i 65. 
Lecanora, 269. 
LegumeSt 148. 
Leguminosae, 144. 
Leguminous Family, X44. 
Lemna, 218. 
Lemnaceae, 3x7. 
Lentils, 149. 
leptdote^ scaly. 
Liber, 100, 103. 
Lichen Family, 367. 
Lichenes, 267. 
ligneous, 35. 
JLigule^ 240. 
Liguliflorae, 175, 178. 
Lilac, 185. 
Liliaceae, 234. 
Lily Family, 224. 
Limb, 29 ; of calyx or corolla, 74. 
Lime Family, 136. 



Limnanth, r87. 

Linaceae, 132. 

I^ioaria, X93. 

linear, 65. 

Linnaea, x68. 

Linseed, 133. 

Lobelia, 179* 

Lobes, 74. 

loculicidal, applied to the dehiscence 

of a capsule by the dorsal sutures 

of its component carpels. 
Locust-tree, X48. 
Locusta, the spikelet of grasses* 
Lodicule, 45. 
Lo^ood, 149. 
Lolium, 239. 
Lonicera, 167. 
Loosestrife, 155. 
Loranthaceae, 165. 
Lotus, 1x8. 
Lousewort, Z93. 
Lunaria, 124. 
Luzula, 226. 
Lycopersicum» 191. 
Lycopodiaceae, 259. 
Lycopodium, 260. 
lyrate, pinnatilid, with the terminal 

lobe largest. 
Lythraceae, 15^. 
Ly thrum Family, 155. 



Maccaroni, 341. 

Mace, X42. 

Madder, 171.^ * 

Madder Family, x69b 

Maize, 239, 243. 

Mallow Family, 133. 

Malt, 343. 

Malvaceae, 133. 

Mandiocca, 205. 

Mangold Wurzel, 199. 

Manihot, 205. 

Manna, 185. I 

Maple Family. 140. 

marcescent, persisting when withered 

and dry ; applied to the corolla. 
Margin, 70. 
Marigold, 175; French and African, 

178. 
Marjoram, X95. 
Mat Grass, 239. 
Matd, 143. 
Medick, 148. 
Medullary rays, X03. 
Melick, 23S. 
Melon, X57. 
Menyanthes, X87. 
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Mercurialls, 202. 

Mercury, 202. 

Mericarp^ 162. 

Mezereon, 201. 

Milcopyle^ 20, 36. 

Mid-rtbf 64. 

Mignoneue Family, 125. 

Mildew of Wheat, 265. 

Milkwort Family, Z40. 

Mimosa, 150. 

Mimoseae, 150. 

Mimulus, 193. 

Mint» 195. 

Minute stntciure of plants, 90. 

Mistletoe Family, 165. 

Molasses, 243. 

MOH-, mono-, one in composition. 

Monandrous, 54. 

Monkey-flower, 193. 

Monkshood, 114. 

Monochlamydeae, 50, 198. 

vionochlamydeous, with calyx only, 

fHonocotyUdonous, 47. 
MottocotyledoHs, 48 — 50, a 16. 
Monoecious, with staminate and pis> 
tillate flowers on the same plant, 33. 
monogynons, with one style or one 

carpel. 
monopetalous, with one petal : often 

employed instead of gamopetalous, 

i.e. with coherent petals. 
Moonwort, 255, 
Morus, 208. 
Moscatel, 168. 
Moss Family, s6t. 
Moulds, 263. 
Mousetail, 115. 
mucronate, with a minute, hard 

point (yM»<:r^)termroating-the mid- 

nb. 
Mulberry, 86, ao8. 
Mullein, 192. 

tnuiti-, in composition, many. 
Musci, 261. 

Mushroom Family, 263. 
Musk, X93. 
Mycelium, 263. 
Myosotc, 189. 
Myosotis, 189. 
Myrospermum, 149. 



Naiad Family, 218. 
Naiades, «i8. 
Narcissus, 233. 
Nardus, 239. 
Nasturtium, 139. 



Natural Orders, iii, 113. 

Nectary, applied, vaguely, to glands, 
lobes of the disk, inodi^ed petals, 
spurs, or other floral appendages, 
especially if secreting fluid, 220^ 

Nelumbiura, 118. 

Nerium, 186. 

Nettle, 32. 

Nettle Family, 2061 

Nicotiana^, 195. 

Nigella, 115. 

Nightshade, 191. 

Nitrogen of plants, 15. 

Node, 4. 

Nucleus, (of a cell) a minute body, 
serving apparently as the centre 
of activity of the contents] (of 
an ovule) the central mass, 20. 

Nut, 84. 

nutantf nodding. 

Nutmeg, 142. 

Nutritir'e organs, 15. 

Nymphasaceae, 1x7. 



Oak, 212. 

Oak-wood, ve-ieels of, 98* 

Oat, 239, 242. 

obcordate, 66, 

ob lanceolate, 66. 

oblique leaves, i37» 

oblongt 65. 

obovate, 66. 

obiusey 69. 

Ochrea, a sheathii^, membnaous 

stipule. 
oct-, or ocio; eight in composition. 
octandrous, 54. 
CEnanthe, 164. 
CEnothera Family, 154. 
Oil, q8. 

Oil, Palm, 221. 
Olea, 185. 
Oleacex, 183. 
Oleander, 186. 
Olive, 185. 
Olive Family, 183. 
Onagraceae.. 154. 
Onion, 225. 
Operculum, a lid; applied to the 

lid of the sporange of mosses, 

261. 
Ophioglossum, 256. 
Opium Poppy, 120. 
oppo&ite, 61. 
Orache, 199. 
Orange, 84. 
orbicular, 65. 



INDEX AND GLOSSARY. 



295 



Orchid Family, 227. 

Orchidaceae. 227. 

Orchis, 41, 227 ; described, 280. 

Ordeal beans, 149. 

Ordeal poison or Madagascar, 186. 

Orgtinic elements^ x%. 

Organs of nutrition, 17. 

Organs 0/ reproduction, 17. 

Orontiiim, 217. 

orthotrof>ous^ applied to ovules 
when the organic base of a 
straight nncleus (where it is 
united to the coat or coats of 
the ovule) coincides with the 
hilum, and the micropyle is at 
the further extremity. 

Oryxa, 239, 242. 

Osier, 215. 

Osmunda, 255. 

oval^ 65. 

Ovary, 8. 

cvate, 65. 

tfwrid. egg-shaped ; applied to 
solids. 

OvnUy 7. 79. 

Oxalis, xy). 

Oxygen Gas, 14. 



Pale, 45; Pales of the common 

receptacle, 176. 
Palm Family. 219. 
pabnatifidy 66. 
paltnatipartite, 67. 
Panax. 165. 
Panicle, 73. 
paniculate, 73. 
Pansy, 127. 
Papavericeae. T19. 
Paper Mulberry, 208. 
Papilionncex, 145. 
papilionaceous, 145. 
Pappus, 176. 
Papyrus, 2^7. 
Paraguay Tea, 143. 
Paraphyses, microscopic filaments. 

associated with the thecae of 

certain Cryptogams. 
Parasites, plants which prey upon 

the juices of other plants. 
Parenchyma^ tissue of short cells. 
parietal, 81. 
Paris, 225. 
Parsley, 164, 
Parsnip, 164. 

Pea. 2S, 145 ; described, 276. 
pectinate y with comb-like teeth or 

lobes. 



Pedate, digitate with the lateral 

leaflets springing from the 

branches of a short fork of the 

petiole. 
Pedati/id, pedatipariite, applied to 

a sin) pie leaf divided on the 

pedate plan. 
Pedicel, the stalk of each single 

flower of a two- or more 

flowered inflorescence. 
Pedicularis, 192. 
Peduncle, 5. 
Pelargonium^ 139. 
Peloria, the regular form of a 

flower normally irregular. Of 

Linaria, 193. 
Peltate, 70. 
Penny-royal^ 195. 
penta-, five m composition. 
pentamerons, applied to flowers 

with the parts m fives. 
pentandrous, 54. 
Pentstemon, 193. 
Peppermint, 195. 
perennial, lasting several years, 

or indefinitely. 
perfoliate, 69. 
Perianth, the envelopes of a flower. 

collectively. In practice, applied 

to the envelopes of the flower of 

Monocotyledons and to the 

envelope of monochlamydeous 

flowers, 42. 
Pericarp, 82. 
Perigynium, 237. 
Perigynous, mserted around the 

ovary ; applied to petals and 

stamens, 25. 
Perisperm. albumen origIn«»ting 

outside the embryo-sac. Often 

applied to albiimen irrespective 

of its place of origin. 
Peristome, 262. 
Perithecium, a nearly closed, or 

quite closed cavity containing 

thecae in Cryptogams. Appliea 

to the closed apothecia of some 

Lichens. 
Periwinkle Family, 185. 
persistent, 20. 
personate, bilabiate, with the lips 

closed. 
Peruvian Bark, 170 
petaloid, petal-like, or corolla-like. 
Petaloideae, 51, 221. 
Petals, 6. 
Petiole^ 4. 
Petiolule, the petiole of a leaflet. 
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Peiiza sruginosa, 213. 
Phanerogamic^ bearing flowers : . 
used in contradistinctioa to 
Cryptogamic. 
Phormium, 336. 
PhyllodeSt 71. 
Phyilotajcist the arrangement o€ 

leaves upon the stem. 
Physalis, 190. 
Piagaba fibre, 220. 
PiUus, 263. 

j^iosff with rather long, soft halrs4 
Pimpernel, 182. 
Pine Family, 244. 
Pink Family, X28. 
pinnate, 67. 
pinna tifidt 67. 
pinnati-paritie, 67% 
Pinnules, 354. 
Pinus, 244. 
Pisiil, 8, 78. 
Pisum, 145. 
Pitch, 250. 
PitA, 102. 
Placenta, the part of the ovary 

upon which the ovules are 

inserted. 
Placentation, 8z. 
Plantaginex, 197. 
Planta^o, 197. 
Plantam Family, 197. 
Plantain, Water, 221. 
plicate, folded. 
Plumbagineae, 19^. 
plumose, plume-like. 
Plumule, 37, 47- 
pluri-, several m composition. 
Pollen, 7, 18. 
Pollinium, 329. 
Pofy-, many in composition, 6. 
polyadelphous, X29. 
pdyandrous, 7, 54. 
Polycotyledonous, 349. 
Polygalacex, 140. 
polygamous, with male, female 

and hermaphrodite flowers on the 

same, or on dbtinct plants, 185. 
Polygonaceae, 30a 
Polygonum Family, soo. 
polygynoux, with numerous carpels, 

or styles. 
Polypetalae, 50. 
polypetalous, 6. 
polyph^lloits, applied to perianths 

consisting of free leaves. 
Polypody, 255. 
polvsepalous, 6. 
jPolytrichum, 26x1 



Pomaces, 151. 

Pondweed, 218. 

Poplar, 215. 

Poppv Family. ZZ9. 

Populus, 2x5. 

posterior, same as superior when 
applied to the relation of the 
parts of a flower to the axis. 

Potamogeton, 2x8. 

Potato, Z9Z. 

Potato, Sweet, t88. 
Pramorse, applied to roots term- 
inating abruptly. 

Prickles, sharp! y^>oin ted projections 

^ originating from the bark, as in 

' Bramble and Rose. 

Primine, the outer coat of an 
ovule. 

Primrose, 3z ; described, 278* 

Primrose Family, x8z. 

Primulace^, zSi. 

Privet, x8s. 

procumbent, applied to stems which 
spread upon tne ground. 

proliferous, producing leaf-buds in 
the place or flower-buds or seeds. 

Prosenchyma, a tissue o£ long, 
tapering cells. 

Prot/tallium, 256. 

Protoplasm, 14. 

PseuaO'buws, 23 z. 

Pteris, 255. 

Pterocarpus. Z48. 

pubeKent, downy with very short 
soft hairs. 

Puft-ball, 264. 

Pulque, 234. 

Pumpkin, 157. 

punctate, dotted. 

Putnmen, the endocarp of stone- 
fruits. 



guadri', four in composition. 

Quercus, 212. 

Quinine, 170. 

quinque-, nve in composition. 

quinque/oUolate, 68.^ 



Raceme, 72 ; racemose^ 7%. 
Rachis, the axis of an inflorescence, 

or of H compound leaf or frond. 
radical, 4. 
Radicle, 36, 47. 
Ragwort, described, 278. 
Ramentum. the chaffy scales on the 

rachis of rems. 
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Rampion, 179. 

Ranunculacex, X13. 

Ranunculus Family, 113. 

RaphCy that portion of the vascular 
cord connecting the chalaze of an 
ovule with the placenta, which 
is adherent to the side of the 
ovule. 

Raphides^ 98. 

Rattans, 221. 

Ratile, 193. 

Jiay^ 29. 

ReceptacUy 5. 

Receptacle^ comtnon^ a8, 7a. 

regular f 6. 

Reindeer Moss, 269. 

renifomi^ 65. 

Repluniy the persistent sutural 
frame remaining after the fall 
of the valves in some Cruoferae, 
Leguminosat, &c., 124. 

Reproductive organs^ 17. 

Reisedaceas, 125. 

Resen, 250. 

Respiration^ vegetable, 15. 

resupinatey applied to flowers when 
reversed, or upside down, 127, 

r(r/Mj^, applied to a very obtuse ex- 
tremity notched in the middle. 

revoluie, with the margins rolled 
outwards. 

Rhamnaceae, 143. 

Rheum, 900. 

Rhinanthus, 193. 

Rhizome^ 59. 

Rhododendron, 180. 

rhafnboidal, lozenge-shaped- 

Rhubarb, 200 ; cells and vessels of ,91. 

Ribesiaceae, 159. 

Ribwort Plantain, X98. 

Rice, 239, 242. 

Rice-paper, 165. 

Ricinus, 2oi5. 

riugent, bilabiate and gaping. 

Roccella, 369. 

Rock-cist, 126. 

Root, structure of, 2, 9> 58. 

Rosaces. 150. 

Rose, Family, 150. 

Rose, fruit of, 87. 

Rosex, 15X. 

Rosemary, 195. 

Rosewood, 148. 

Rostelluntf ^3, 239. 

rotate^ applied to a gamopetalous 
regular eoroUa, with a short tube 
and spreading limb. 
rotrnidate^ 65. 

O.B. 



Rubiaceae, x6o. 

rtigoie^ wrinkled. 

Rumex, 200. 

ruminated^ 143- 

ntncinate^ pinnatifid, with the seg- 
ments directed downwards. 

Runner, a rooting prostrate slender 
branch. 

Ruccus, 225. 

Rush Family, 226. 

Rush, Flowering, 223. 

Rushlights, 227. 

Ry«i 239- 

Rye Grass^ 239> 

Saccharum, 243. 
Safflower, 178. 
Saffron, 233. 
Sage, 196. 
sagittate, 66. 

Sago, 22T. 

St. John's-worts, 129. 

Salicaceae, 214. 

Salicomia, 20a 

Sallow, 2x4. 

Salsify, 178. 

Salsola, 200. 

Saltwort, 200. 

Samara^ a winged fruit» or coccus, 
X4X. 

Samolus, 182. 

Samphire, 163. 

Sand Carex, 238. 

Sanders-wood, 149. 

Sanduisorbea>, 151. 

Sandwort, 129. 

Sanicle, 163. 

SaPf 103. 

Sap-green, 144. 

Sapindaceae, 14a 

Saponaria, 129. 

Sapotaceae, 205. 

Sappen-wood, 149. 

Sap-wood (or alburnum), the 
younger outer portion of the wood 
of Exogens. It takes a principal 
part in the upward conveyance of 
sap, and is usually of paler colour 
than the heart -wood. 

Savory, X96. 

Saxifragaceae, X59. 

Saxifrage Family, 159^ 

Scabious, 172. 

scabrous, rough to the touch. 
Scale-leaves, 62. 

Scammony, 189. 

Scape, 72. 

X 
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tcarioMSf dry and rather stiffly mem- 
branous. 

Scarlet Runners, 149. 

ScheduUst sa. 

Sciipus, 238. 

Soolopendrium, 355. 

acorptoid^ curled to one side. 

Scorzonera, 178. 

Scotch Fir. 944. 

Scrophularia Family, 192. 

Scrophulariaceae, 192. 

Sea Rale, 195. 

Sea Maram, 338. 

Sea-weed Family, 265. 

Secale, 239. 

secttntL, turned to one side. 

Secundine,thc mner coat of an ovule. 

Sedum, 158. 

Seed, g, 89 ; of Dicotyledons, 35 ; 
of Monocotyledons, 46. 

Sedge Family, 235. 

Seg^ientj 4. 

Sempervtvum, 158. 

Senecio, 178. 

Se/alSf 6. 

septem-, seven in composition. 

septicidal, applied to the dehiscence 
of a capsule by tlie septa or mar- 
gins of its component carpels. 

Septum t a partition or dissepiment. 

sericeous^ covered with silky ap- 
pressed hairs. 

serrate^ 70. 

sessile, 4. 

Seta, a bristle, 262. 

setaceous, bristle-like. 

sex-f six in composition. 

Sheep-sorrel, 3az. 

Shepherd's-purse {Capsella)\ 124: 

Shield Fern, 953. 

Silene, 128. 

Siliculay 134. 

Siltgua, 194. 

simple leaves, 65. 

sinuate, wavy. 

Sinus, the space between lobes or 
segments. 

Siphonia, 20^. 

smooth, plam ; without protube- 
rances. 

Smut, 265. 

Snapdragon, 193. 

Snowdrop, 234. 

Soapwort, 199. 

Solonaceae, zqo. 

Solanum Family, 190; 

solitary ^ 89. 

Sorghum, 241. 



Sorrel, 139. 

Sorus, 954. 

Spadiciflurae, 50, 9x6. 

Spadix, 40. 

Spanish Juice, 149. 

Spathe, 40. 

spaihulate, 66. 

species, 110. 

Speedwell, 192. 

spicate, 73. 

Spignel, 164. 

Spike, 72. 

Spikelet, 44. 

Spikenard, 172. 

Spinach, 199. 

Spin die- tree, 143. 

Spinas, sharply.pointed iMrojection<; 
originating from the wood, and 
regarded as abortive branches, 
leaves, or peduncles, as in Com- 
mon Hawthorn, 60. 

Sporanges, 954. 

Spores, 252, 254. 

Spruce, 249. 

Spur, a conical projection, usually 
from the base or side of a sepal 
(calyx) or petal (corolla). 

Spurge Daphne. 20X. 

Spurge Family. 209. 

Squirting Cucumber. 157. 

Stag's-hom Moss, 260. 

Stamens, 6 ; opposite to petals, ri6. 

Staminode, a rudimentary stamen. 

Standard, 146. 

Stapelia, 187. 

Starch, 97. 

Stellatx, i6q. 

Stellate Tribe, 169. 

Stem, 3, 9, 59. 

Stephanotous, 1^7. 

Stigma, 8. 

Stip.1, 239. 

Stipules, 70. 

Stock, 4, 35, 60. 

Stolon, a short rooting branch. 

Stomates, zo6. 

Stonecrop, 158. 

Stone-fruits, 83. 

Stone-pine, 250. 

Stork's-bill, 139. 

Strawberries, 8<. 

striate, marked with fine lines. 

Style, 8. 

subulate, 65. 

succulent^ fleshy. 

Sugar, 98. 

Sugar-cane, 943. 

Sugar Maple, 141. 
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sulcatet furrowed. 

Sundew, x6o. 

Sunflower, 177. 

superior^ applied to the ovary when 
wholly free from the calyx-tube, 
8; applied to the radicle of the 
embryo, when straight, and di- 
rected towards the apex of the 
fruit ; applied to the calyx when 
the limb of the calyx appears 
to be inserted upon the ovary, 
owing to the adhesion of the 
ovary to the tube of the calyx, 
27. 

Suppression, 23, 83. 

Surface, 70. 

sutural, 82. 

Sutures, 79. 

Sycamore, i4r. 

symmetrical t applied to flowers with 
the number of parts in each whorl 
equal or multiples. 

syncarpouSf 80. 

syngenesiottSt 3a 



Tamarind, 149. 

Tamus, 235. 

Tanghinia, i86u 

Tannin, 212. 

Tap-root, 58. 

Tapa-cloth, soS. 

Tapioca » 205* 

Tar, 25a. 

Taraxacum, 173. 

Taxus, 247. 

Tea, 131. 

Teak, 106. 

Teak, African, 206. 

Teasel Family, ^^^ 

Tectona, 196. 

Teethy 74, 84. 

Tendrus^ 60, 70, 

terete, when the transv-erse section 

is circular. 
termituilf 59. 
Ternary compounds, I4» 
temate^ 68. 
Ternstr5miacea, 131. 
Testa, 9. 

Testudinaria, 235. 
tetra-, four in composition. 
tetradynamous, four long and two 

short, applied to stamens, 23, 122. 
tetranurous, applied to flowers with 

the parts in rours. 
tetrandrous, 54. 
Thalamiflorae, sx>» X13, 



Thalamus, the floral receptacle. 
Theca, a cell containing the spores 

of Cryptogams. 
Theobroma, 137. 
Thistle, 173, 174, 177. 
Thorn-apple, 191. 
Thrift, 197. 
Thyme, 195. 
Thymelaceae, 201. 
Tiliaceae, 136. 
Tissues, various, for examination, 

93* 
Toadflax, 192. 
Tobacco, 191. 
Tomato, 191., 
tomentose, with short, dense, more 

or less felted, cottony hairs. 
Tonquin Bean, 148. 
Torus, the floral receptacle. 
Touch- wood, 264. 
Towel-gourd, 157. 
Tragacanth, 149. 
Transpiration , X3. 
Treacle, 243. 
Tree-ferns, 257. 
tri-, three in composition. 
tripndrous, 54. 
iricoccus, applied to a syncarpous 

fruit consisting of three cocci. 
irifidy 69. 
trijoliolate, 68. 
trigonous, three-cornered in cross 

section, with the angles obtuse. 
trinterous, applied to flowers with 

the parts in threes. 
Trimorphism of Lythrum, \i^, 
tripartite, 69, 
/rr///*/r<7«f, three-cornered in cross 

section, with the angles acute. 
Triticum, 238, 239, 241. 
Tropaeolum, 139. 
Truffle, 264. 

tmnoate, terminating abruptly. 
Tube, 74. 
Tuber, 60. 
tuberous roots, 59. 
Tubuliflorae, X75, 177. 
Tulip, 224. 
tunicate bulb, 225. 
Turpentine, 250. 



Ulex, X47, X48. 
Ulmaceae, 209. 
Umbels 72. 

Umbellate Family, x6o. 
Umbellifers, x6o. 
uncinate^ hooked. 
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MHequaUy pinnate, pinnate with an 
odd leaflet. 

uni-, one in composition. 

unilocular, one-celled; applied to 
anthers and ovaries. 

unisexual^ with stamens only, or 
with pistil only. 

unsytHtnetricnl, applied to flowers 
with the parts of each whorl un- 
equal in number or not multiples, 
3t. 

Upas, 909. 

urceoiate, urn-shaped. 

Urtica, 206. 

Urticaces, 206. 



Vaccinium, 180. 

Valerian Family, 171. 

Valerianex, 171. 

Vallisneria, 224. 

Valonia, 2T3. 

vnlvate, 74. 

Valves of fruit, 84. 

Vanilla, 232. 

Varieties, iia. 

Vascular bundles^ 99. « 

Vascular plants, 263. 

Veins, 64. 

Venation, 64. 

ventral, 79. 

ventricose, inflated. 

Verboscum, 192. 

Verbena, 196. 

Verbenaceae, 196. 

Vermicelli, 241. 

Vernal Grass, 239, 240. 

Vernation, 6-^. 

Veronica, 192 . 

verrucose, warted. 

versatile, applied to anthers when 
attached by the back to the 
slender tip of the filament. 

verticillate, whorled, with three or 
more parts inserted in the same 
plane; applied to foliar oi^ans, 
61. 

Vervein, 196. 



Vervein Family, 196. 
Vessels^ 92. 
Vejcillum, 147. 
Victoria regia, x 19. 
Vinca, t86. 
Violaeeae, 126. 
Violet Family, 126. 
Viscum, 165. 

Vitis 159- 
Vitta, 163. 



Wallflower, 24, 122 ; described, 275. 

Water^ source of, in plants, 14. 

Water Plantain. 221. 

Waterhly Family, 117. 

Water-weed, 223. 

Weeping Willow, 215. 

Weld, 126. 

WelUngtonIa, 250. 

Weymouth Pine, 249. 

Wheat, 44, 238, 239, 241 ; described, 

280. 
Wherl, 6. 
Whortleberry, 180. 
Willow, 33. 
Willow Family, 214. 
Willow-herb, 154. 
Wings (of papilionaceous coroy.n), 

146. 
Winter Cherry, 190. 
Woad, 125. 

Wood, structure of, 99, too, loi. 
Wood Sorrel, 139. 
Woodruff, 169. 
Wych Elm, 209, 



Yam Family, 234. 
Yew, 247, 248, 25a 
Yucca, 226. 



Zea, 239, 243. 
Zinnia, 178. 
Zizyphus, 144. 
Zoospores, 266. 
Zostera, 2x9. 



THE END. 
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Nixon, M.A., Classical Leeturer, King's College, London. 
Part I. — Historical and Epistolary. New Edition, revised 
mnd enlarged. Crtmn 8yo. 3^. 6d, 
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NIXON ConHnued-^ 

A FEW NOTES ON LATIN RHETORIC. With 
Tables and lUustrations. By J. £. Nixon, M.A. Crown 
8vo. 2S, 

PSILB (JOHN, M. A,)— ^AT INTRODUCTION TO GREEK 
AND LATIN ETYMOLOGY. By John Peile, M.A., 
Fellow and Tutor of Christ's Coll^^e, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge. Third 
and Revised Edition. Crown 8vo. lor. t<L 

A PRIMER OF PHILOLOGY. i8mo. u. By the same 
Author. 

PINDAR— THE EXTANT ODES OF PINDAR. TransUtcd 
into English, with an Introduction and short Notes, by Ernest 
Myers, M.A., Fellow of Wadham College, Oxford. Crown 
8vo. 5j. 

PLATO— ri^g REPUBLIC OP PLATO. Translated into 
English, with an Analysis and Notes, by J. Ll. Daviss, 
M.A., and D. J. Vaughan, M.A. New Edition, with 
Vignette Portraits of Plato and Socrates, engraved by Jbbns 
from an Antique Gem. i8mo. 4J. 6^. 

PHILMBUS. Edited, with Introduction and Notes, by 
Henry Jackson, M.A., Fellow of Trinity College, Cambridge. 
8vo, [In pre^roHon, 

FhAJJTVS^THE MOSTELLARIA OF PLAUTUS. With 
Notes, Prolegomena, and Excursus. By William Ramsay, 
M.A., formerly Professor of Humanity in the University of 
Glasgow. Edited by Professor George G. Ramsay, M. A., 
of the University of Glasgow. 8vo. I4r. 

POTTS (A. W., M.A.)— Works by ALEXANDER W. POTTS, 
M.A., LL.D., late Fellow of St John's College, Cambridge; 
Head Master of the Fettes College, Edinburgh. 

HINTS TOWARDS ' LATIN PROSE COMPOSITION. 
New Edition. Extra fcap. 8va 3^. 

PASSAGES FOR TRANSLATION INTO LATIN 
PROSE. Crown 8vo. [In thi press. 
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ROSY— ^ GRAMMAR OF THE LATIN LANGUAGE, firom 
Planttis to Suetonius. By H. J. Rosy, M.A., late Fellow of 
St. John's College, Cambridge. In Two Parts. Third Edition. 
Part I. containing : — Book I. Sounds. Book II. Inflexions. 
Book IIL Word-formation. Appendices. Crown Sva 8j. 6d, 
Part IL — Syntax, Prepositions, &c. Crown 8vo. lar. 6d, 

"Marked by the clear and practised insight of a master in his art. 
A book that would do honour to any country.^— Atkbnaum. 

SCHOOL LA TIN GRAMMAR. By the same Author. 

[In the press. 

nVSU—SYNTHETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Grammatical 
Analysis. With Notes and Vocabulary. By E. Rush, B.A, 
With Preface by the Rev. W. F. Moulton, M.A., D.D. 
Extra fcap. 8vo. 2J. 

nVBT^FIRST STEPS TO LATIN PROSE COMPOSITION. 
By the Rev. G. Rust, M.A. of Pembroke College^ Oxford, 
Master of the Lower School, King's College, London. New 
Edition. i8mo. is. td. 



'A FIRST GREEK , GRAMMAR. ByW.G. 
Rutherford, M.A., Assistant Master in St Paul's School, 
London. Extra fcap. 8vo. \s. 

8EBX.BY— ^ PRIMER OF LATIN LITERATURE. By 
Prof. J. R. Seelky. [In preparation. 

8BUCKBUR6H— w<4 LATIN READER. By E. S. Shuck- 
BURGH, M.A., Assistant Master at Eton College. 

[In preparation. 

TACmn— COMPLETE WORKS TRANSLATED. By A. J. 
Church, M.A., and W. J. Brodribb, M.A. 

THE HISTORY. With Notes and a Map. New Edition. 
Crown 8vo. 6^. 

THE ANNALS. With Notes and Maps. New Edition. 
Crown 8vo. Is. 6d, 

THE AGRICOLA AND GERMANY, WITH THE 
DIALOGUE ON ORATORY. With Maps and Notes. 
New and Revised Edition. Crown 8va 4/. 6^. 
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THUOVUVLASrUB-^TirB CHARACTERS OP THEO- 
PHRASTUS. An English Translation from a Revised Text. 
With Introduction and Notes, By R. C Jebb, M.A.y Pro- 
fessor of Greek in the University of Glasgow. Extra fcap. 8vo. 
dr. 6d. 

THRINGh— Works by the Rev. E. THRING, M.A., Head 
Master of Uppingham SdiooL 

A LATIN GRADUAL, A First Latin Construing Book 
for Beginners. New Edition, enlarged, with Coloured Sentence 
Maps. Fcap. 8vo. zs, 6d, 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap. 
8vo. IS. 6J, 

A CONSTRUING BOOK. Fcap 8vo. 2i. 6</. 

VIRGIL— r^^ WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Notes, Introductions, Running 
Analysis, and an Index, by James Lonsdale, M.A., and 
Samuel Lee, M.A. New Edition. Globe 8vo. 3j. 6</. 
gilt edges, 4J. 6^. 

WILKINS—^ PRIMER OF ROMAN ANTIQUITIES. By 
A. S. WiLKiNS, M.A., Professor of Latin in the Owens 
College, Manchester. With Illustrations. i8mo. u. 

WRIGHT— Works by J. WRIGHT, M.A., late Head Master of 
Sutton Coldfield School. 

HELLENIC A; OR, A HISTORY OF GREECE IN 
GREEK, as related by Diodorus and Thucydides ; being a 
First Greek Reading Book, with explanatory Notes, Critical 
and HistoricaL New Edition with a Vocabulaiy. Fcap. 8vo. 

A HELP TO LATIN GRAMMAR-, or. The Form and 
Use of Words in Latin, with Progressive Exercises. Crown 
8vo. 4r. dd. 

THE SEVEN KINGS OF ROME. An Easy Narrative, 
abridged from the First Book of Livy by the omission of 
Difficult Passages; being a First Latin Reading Book, with 
Grammatical Notes. With Vocabulary, y. 6d. 

[New and thoroughly revised edition, jusi ready. 
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1VRX6HT ConHnued^ ^ 

FIRST LATIN STEPS; OR, AN INTRODUCTION \ 

BY A SERIES OF EXAMPLES TO THE STUDY \ 

OF THE LA TIN LANGUA GE. Crown 8vo. Sj. 

ATTIC PRIMER. Arranged for the Use of Beginners. 
Extra fcap. 8vo. 41. 6d, 

A COMPLETE LATIN COURSE, comprising Rules with 
Examples, Exercises, both Latin and English, on each Rule, 
and Vocabularies. Crown 8vo. 41. 6d» 



MATHEMATICS. 

AIRY— Works by Sir G. B. AIRY, K.C.B., Astronomer 
Royal : — 

ELEMENTARY TREATISE ON PARTIAL DIF- 
FERENTIAL EQUATIONS. Designed for the Use of 
Students in -the Universities. With Diagrams. Second Edition. 
Crown 8vo. 5^. 6d. 

ON THE ALGEBRAICAL AND NUMERICAL 
THEORY OF ERRORS OF OBSERVATIONS AND 
THE COMBINATION OF OBSERVATIONS. Second 
Edition, revised. Crown 8vo. 6s, 6d. 

UNDUZATORY THEORY OF OPTICS. Designed for 
the Use of Students m the University. New Edition. Crown 
8vo. 6j. 6d. 

ON SOUND AND ATMOSPHERIC VIBRATIONS. 
With the Mathematical Elements of Music. Designed for the 
Use of Students in the University. Second Edition, Revised 
and Enlarged. Crown 8vo. 9J. 

A TREATISE OF MAGNETISM. Designed for the Use 
of Students in the University. Crown 8vo. 9f. 6d. 

AIRY (OSMUND)—^ TREATISE ON GEOMETRICAL 
OPTICS. Adapted for the use of the Higher Classes in 
Schools. By Osmund Airy, B.A., one of the Mathematical 
Masters in Wellington Collie. Extra cap. 8vo. 3^. td. 
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BAYMA— riZff ELEMENTS OF MOLECULAR MECHA- 
NICS, lli^ Joseph Bayma, S J., Professor of Philosophy, 
Stonyhurst College. Demy 8vo. \os, 6d, 

VBAEUBV— AN ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY. With Examples. ByR. D. Bbaslky, 
M.A., Head Master of Grantham Grammar School. Fifth 
£ditioxi« revised and enlarged. Crown 8vo. Ji. 6d, 

BLACKBURN {RVGn) — ELEMENTS OF PLANE 
TRIGONOMETRY^ for the use of the Jtmior Class in 
Mathematics n the University of Glasgow. By Hugh 
Blackburn, M.A., Professor of Mathematics in the Univer- 
sity of Glasgow. Globe 8vo. is, 6d, 

BOOLE— Works by G. BOOLE, D.C.L., F.R.S., late Professor 
of Mathematics in the Queen's University, Ireland. 
A TREATISE ON DIFFERENTIAL EQUATIONS. 
Third and Revised Edition. Edited by I. Todhunter. Crown 
8vo. 14J. 

A TREATISE ON DIFFERENTIAL EQUATIONS. 
Supplementary Volume. Edited by L Todhunter. Crown 
8vo. 8j. 6d, 

THE CALCULUS OF FINITE DIFFERENCES. 
Crown 8vo. loj. 6d. New Edition, revised by J. F, 

MOULTON. 

BROOK-SMITH (l.)-'ARITHMETIC IN THEORY AND 
PRACTICE. By J. Brook-Smith, M.A., LL.B., St, 
John's College, Cambridge ; Barrister-at-Law ; one of the 
Masters of Cheltenham College. New Edition, revised. 
Crown 8vo. 4J. 6</. 

CAMBRIDGE SBNATE-HOUSE PROBLEMS and RIDBRS 
WITH SOLUTIONS t— 

\%*l^^PROBLEMS AND RIDERS. By A. G. Greenhill, 
M.A. Crown 8vo. %s. 6d. 

iSj^-^OLUTIONS OF SENATE-HOUSE PROELEMS. 
By the Mathematical Moderators and Examiners. Edited by 
J. W. L. Glaisher, M.A., Fellow of Trinity College, 
Cambridge. I2s, 
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OAK'DIJBA—IIELP TO ARITHMETIC. Designed for the 
use of Schools. By H. Candler, M.A., Mathematical 
Master of Uppingham School. Extra fcap. 8vo. 2j. td. 

OVLETtSVA—AN ELEMENTARY TREATISE ON THE 
PLANETARY THEORY, By C. H. II. Cheyne, M.A., 
F.R.A.S. With a Collection of Problems. Second Edition. 
Crown 8vo. 6j. 6^. 

CHRISTIB— i4 COLLECTION OF ELEMENTARY TEST 
QUESTIONS IN PURE AND MIXED MATHE^ 
MATICS ; with Answers and Appendices on Synthetic 
Division, and on the Solution of Numerical Equations by 
Homer's Method. By James R. Christie, F.R.S., Royal 
Military Academy, Woolwich. Crown 8vo. 8j. 6d, 

OhlFTOHH—TilE ELEMENTS OP DYNAMIC. An In- 
troduction to the Study of Motion and Rest in Solid and Fluid 
Bodies. By W. K. Clifford, F.R.S., Professor of Applied 
Mathematics and Mechanics at University College, London. 
Part I.— KINETIC. Crown 8vo. 7s. OJ. 

CWmiKQ—AN INTRODUCTION TO THE THEORY 
OF ELECTRICITY. By LiNNiEUs Cumming, M.A., 
one of the Masters of Rugby School With Illustrations. 
Crown 8vo. 8j. td. 

CJrr'aBJS:B.TBOJX— EUCLIDIAN GEOMETR Y. By Francis 
Cuthbertson, M.A., LL.D., Head Mathematical Master of 
the City of London School. Extra fcap. 8vo. ^. 6d. 

DAI.TON— Works by the Rev. T. DALTON, M.A., Assistant 
Master of Eton College. 

RULES AND EXAMPLES IN ARITHMETIC. New 
Edition. i8mo. 2s, 6d. 

"^ Answers to the Examples are appended. 

RULES AND EXAMPLES IN ALGEBRA. Part I. 
New Edition. i8mo. 2s. Part II. iSmo. ^s. 6d, 
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T^AY-^PJ^OPEXT/BS OF CONIC SECTIOITS PROVED 
GEOMETRICALLY. Part I., THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A. Crown 8va 

DODGSON— ^^CZ/Z> AND HIS MODERN RIVALS. By 
the Rev. C. L. Dodgson, M.A., Mathematical Lecturer, 
Christ Church, Oxford. Crown 8yo. ^s, 6(i, 

1>KBW— GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M.A., St. John's College, 
Cambridge. New Edition, enlarged. Crown 8vo, 5j. 

SOLUTIONS TO THE PROBLEMS IN DREWS 
CONIC SECTIONS, Crown Svp. 4/. 6d. 

EDGAR (J. H.) and PRITCHABD (G. %,)^NOTE'BOOK 
ON PRACTICAL SOLID OR DESCRIPTIVE GEO- 
METRY, Containing Problems with help for Solutions. By 
J. H. Edgar, M. A., Lecturer on Mechanical Drawing at the 
Royal School of Mines, and G. S. Pritchard. New Edition, 
revised and enlarged. Globe Svo. 3^. 

FERRERS— Works by the Rev. N. M. FERRERS, M.A., Fellow 
and Tutor of Gonville and Caius College, Cambridge. 

AN ELEMENTARY TREATISE ON TRI LINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and 
the Theory of Projectors. New Edition, revised. Crown Svo. 
6s. 6d, 

, AN ELEMENTARY TREAIISE ON SPHERICAL 
HARMONICS, AND SUBJECTS CONNECTED WITH 
THEM, Crown Svo. 7j. 6^. 

PROST— Works by PERCIVAL FROST, M.A., formerly Fellow 
of St. John's College, Cambridge ; Mathematical Lecturer of 
King's College. 

AN ELEMENTARY TREAIISE ON CURVE TRA- 
CING. By PERCIVAL Frost, M. A. Svo. 12s, 

SOLID GEOMETRY, A New Edition, revised and enlarged 
of the Treatise by Frost and Wolstsnuolms. In ;i Vols. 
Vol.. I. Svo. i6s. 
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aODFRAY— Works by HUGH GODFRAY, M. A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Use of Colleges 
and Schools. New Edition. 8vo. izr. 6cL 

AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of the Problem up to the time 
of Newton. Second Edition, revised. Crown 8vo. 5^. td» 

ISl'BVLiannO— AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for 
the Use of Colleges and Schools. By G^ W. Hemming, M.A., 
Fellow of St John's College, Cambridge. Second Edition, 
with Corrections and Additions. 8to. 9j. 

3 KQlS^UOVi — GEOMETRICAL CONIC SECTIONS. An 
Elementary Treatise in which the Conic Sections are defined 
as the Plane Sections of a Cone, and treated by the Method 
of Projection. By J. Stuart Jackson, M. A., late Fellow of 
Gonville and Caius College, Cambridge. Crown 8vo. 4;. 6(L 

JBLiLiET (JOHNH.)— ^ TREATISE ON THE THEORY 
OF FRICTION. By John H. Jellet, B.D., Senior Fellow 
of Trinity College, Dublin; President of the Royal Irish 
Academy. 8vo. %s, 6J, 

JONES and CUl^YNB— ALGEBRAICAL EXERCISES. 
Progressively Arranged. By the Rev. C. A. Jones, M.A., and 
C. H. Cheyne, M.A., F.R.A.S., Mathematical Masters of 
Westminster School. New Edition. i8mo. 2s, 6a. 

KELiLAND and TAIT^INTRODUCTION TO QUATER- 
NIONS, with nmnerous examples. By P. Kelland, M.A., 
F.R.S. ; and P. G. Tait, M.A., Professors in the department 
of Mathematics in the University of Edinburgh. Crown 8va 
71. td. 

KITCHENER—^ GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the 
Study of Geometry. For the use of Schools. By F. £. 
KiTCHKNKRt M.A., Mathemathical Master at Rugby. New 
Edition. 4to. 2J. 
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VU^VJe^NATURAL GEOMETRY: an Introduction to the 

Logical Study of Mathematics. For Schools and Technical 

Classes. With Explanatory Models, based upon the Tachy- 

metrical Works of Ed. Lagout. By A. Mault. i8mo. is. 

Models to Illustrate the above, in Box, I2s, 6d, 

vaannmAK -- ELEAfENTS of the method of 

LEAST SQUARES, By Mansfirld Merriman, Ph.D. 
Professor of Civic and Mechanical Engineering, Lehigh Uni- 
versity, Bethlehem, Penn. Crown 8vo. *js, 6d, 

vlijmJmIl'b.-elements of descriptive geometry. 

By J. B. Millar, C.E., Assistant; Lecturer in Engineering in 
Owens College, Manchester. ' Crown 8vo. 6s. 

MORGAN — ^ COLLECTION OF PROBLEMS AND 
EXAMPLES IN MATHEMATICS. With Answers. 
By H. A. Morgan, M.A., Sadlerian and Mathematical 
Lecturer of Jesus College, Cambridge. Crown 8yo. 6f . 6d. 

KV1J3L— DETERMINANTS. By Thos. Muir. Crown 8vo. 

{In proration. 

NSWTON'S PRINCIPIA. Edited by Prof. Sir W. THOMSON 
and Professor Blackburn. 4to. doth. 31J. dd. 

THE FIRST THREE SECTIONS OF NEWTON'S 
PRINCIPIA, ' With Notes and Illustrations. Also a col- 
lection of Problems, principally intended as Examples of 
Newton's Methods, By Percival Frost, M.A. Third 
Edition. 8vo. 12s. 

PARKINSON— Works by S. PARKINSON, D.D., F.R.S., 
Tutor and Prselector of St. John's College^ Cambridge. 

AN ELEMENTARY TREATISE ON MECHANICS. 
For the Use of the Junior Classes at the University and the 
Higher Classes in Schools. With a Collection of Examples. 
New Edition, revised. Crown 8vo. doth. 9;. 6d. 

A TREATISE ON OPTICS. New Edition, revised and 
enlaiged. Crown 8vo. doth. lor. 6d. 

VKDlxrx-'EXERCISES IN ARITHMETIC. ByS.PwJLEY. 

[In preparaHM. 
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r^ELMMENTARY HYDROSTATICS. With Nu-. 
merons Examples. By J. B. Phear, M.A., Fellow and late 
Assistant Tutor of Cbure College^ Cambridge. New Edition. 
Crown 8vo. cloth. 5J-. 6</. 

^rBX^—LESSONS ON RIGID DYNAMICS. By the Rev. 
G. PiRiE, M.A., late Fellow and Tutor of Queen's College, 
Cambridge ; Professor of Mathematics in the University of 
Aberdeen. Crown 8vo. 6j. 

mciL-UB -AN ELEMENTARY TREATISE ON CONIC 
SECTIONS AND ALGEBRAIC GEOMETRY. With 
Numerous Examples and Hints for their Solution ; especially 
designed for the Use of Beginners. By G. H. Puckle, M. A. 
New Edition, revised and enlarged. Crown 8vo. 7^. dd. 

UAVTImINSON^ELEMENTARY statics, by the Rev, 
George Rawunson, M.A. Edited by the Rev. Edward 
Sturges, M.A. Crown 8vo. 4s. 6d. 

> 

RAYX.EI6H— T:^^ THEORY OF SOUND. By LOED 
Rayleigh, M.A., F.R.S., formerly Fellow of Trinity College, 
Cambridge. 8vo. Vol. I. I2J. 6^. Vol. II. I2x. 6</. 

[Vol, III, in the press. 

Vi'B'mOliDS'-MODERN MET^tODS IN ELEMENTARY 
GEOMETRY. By £. M. Reynolds, M.A., Mathematical 
Master in Clifton College. Crown 8vo. 3^. 6d. 

ROXTTH— Works by EDWARD JOHN ROUTH, M.A.,F.R.S., 
late Fellow and Assistant Tutor of St. Peter's College, Cam- 
bridge ; Examiner i^i the University of London. 

AN ELEMENT AR Y TREA TISE ON THE D YNAMICS 
OF THE SYSTEM OF RIGID BODIES, With numerous 
Examples. Third and enlarged Edition. 8vo. 2,\s. 

STABILITY OF A GIVEN STATE OF MOTION, 
PARTICULARLY STEADY MOTION. Adams' Prize 
Essay for 1877. 8va %s. 6d. 
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SMZTB— Works by the Rev. BARNARD SMITH, ICA., 
Rector of Glaston, Rutland, late Fellow and Senior Bursar 
of St Peter's College^ Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and 
Application ; with numerous systematically arranged Examples 
taken from tiie Cambridge Examination Papers, with especial 
reference to the Ordinary Examination for the B.A. D^;ree. 
New Edition, carefidly revised. Crown 8vo. lar. 6^ 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 
8vo. 4J . 6d, 

A KEY TO THE ARITHMETIC FOR SCHOOLS. 
New Edition. Crown 8vo. &r. 6d. 

EXERCISES IN ARITHMETIC. Crown 8vo. limp doth. 
29. With Answers. 2s, 6a. 

Or sold separately, Part I. is. ; Part II. is. ; Answers, 6d. 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. 
• doth. 3j. 

Or sold separately, in Three Parts, is. each. 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC 
Parts I., II., and III., 25. 6d. each. 

SHILLING BOOK OF ARITHME TIC FOR NA TIONAL 
AND ELEMENTARY SCHOOLS. i8mo. doth. Or 
separately. Part I. 2d. ; Part II. 3^. ; Part III. Jd. Answers. 
6d. 

THE SAME, with Answers complete. i8mo, doth. is. 6d, 

KEY TO SHILLING BOOK OF ARITHMETIC. 
i8mo. 4J. 6d. ' 

EX AMI N A TION PAPERS IN ARITHME TIC. l8mo. 
IX. (id. The same, with Answers, i8mo. zs. Answers, 6d. 

KEY TO EXAMINATION PAPERS IN ARITH^ 
METIC. i8mo» ^. 6d. 
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SMITH Continued^ 

THE METRIC SYSTEM OF ARITHMETIC, ITS 
PRINCIPLES AND APPLICATIONS, with numerous 
Examples, written expressly for Standard V. in National 
Schools. New Edition. i8mo. doth, sewed. 3^. 

A CHART OF THE METRIC SY^JEM, on a Sheet, . 
size 42 in. by 34 in. on Roller, mounted and varnished, price 
31. 6d, New Edition. 

Also a Small Chart on a Card, price id. 

EASY LESSONS IN ARITHMETIC, combining Exercises 
in Reading, Writing, Spelling, and Dictation. Fart I. for 
Standard L in National Schools. Crown 8vo. 9^. 

EXAMINATION CARDS IN ARITHMETIC. (Dedi- 
cated to Lord Sandbn.) With Answers and Hints. 

Standards I. and II. in box, is. Standards III., IV. and V., 
in boxes, is. each. Standard VL in Two Parts, in boxes. 
If. each. 

A and B papers, of nearly the same difficulty, are given so as to 
prevent copying, and the Colours of the A and B papers differ in 
each Standard, and from those of every other Standard, so that* a 
master or mistress can see at a glance whether the children have the 
proper papers. 

SNOWBALL — THE ELEMENTS OF PLANE AND 
SPHERICAL TRIGONOMETRY ; with the Construction 
and Use of Tables of Logarithms. By J. C. Snowball, M. A. 
New Edition. Crown 8vo. *]s. 6d. 

SYLIiABUS or PZJIlNB OBOMETRY (corresponding to 
Euclid, Books I. — VI.). Prepared by the Association for the 
Improvement of Geometrical Teaching. New Edition. Crown 
8vo. IX. 

TAXT and 8TBBLE— ^ TREATISE ON DYNAMICS OF 
A PARTICLE. With numerous Examples. By Professor 
Tait and Mil. Stsele. Fourth Edition, revised. Crown 8vo. 

12/. 
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r-Ofkhr^ --ELEMENTARY MENSURATION FOR 
SCHOOLS, With numerous Examples. By Septimus 
Tebay, B.A., Head Master of Queen Elizabeth's Grammar 
School, Kivington. Extra fcap. Svo. y, 6d. 

TODBUNTER— Works by I. TODHUNTBR, M.A., F.R.S., of 

St. John's College, Cambridge. 

"Mr. Todhonter is chiefly known to students of Mathemadcs as the 
author of a series of admirable mathematical text-books, which possess 
the rare qualides of bdng clear in style and absolutely free from mistakes, 
typograidiical or other."— Saturday Rsvibw. 

THE ELEMENTS OF EUCLID. For the Use of Colleges 
and Schools. New Edition. i8mo. 3/. 6d, 

MENSURATION. FOR BEGINNERS. With numerous 
Examples. New Edition. iSmo. 2s. 6d. 

ALGEBRA FOR BEGINNERS. With numerous Examples. 
New Edition. x8mo. zr. 6d. 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8va 
dr. 6^. 

TRIGONOMETRY FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 2s. 6d. 

KEY TO TRIGONOMETRY FOR BEGINNERS. 
Crown Svo. 8x. 6d. 

MECHANICS FOR BEGINNERS. With numerous 
Examples. New Edition. iSmo. 4;. 6d. 

KEY TO MECHANICS FOR BEGINNERS. Crown 
8vo. 6s. 6d. 

ALGEBRA. For the Use of Colleges and Schools. New 
Edition. Crown Svo. 7^. 6d. 

KEY TO ALGEBRA FOR THE USE OF COLLEGES 
AND SCHOOLS. Crown Svo. lor. 6d. 

AN ELEMENTARY TREATISE ON THE THEORY 
OF EQUATIONS. New Edition, revised. Crown Svo. 
Is. 6d. 
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TODHUNTBR CofUimted-^ 

PLANE TRIGONOMETRY. For Schools and Colleges. 
New Edition. Crown 8vo. 5j. 

KEY TO PLANE TRIGONOMETRY. Crown 8vo. 
lar. 6d. 

A TREATISE ON SPHERICAL TRIGONOMETRY. 
' New Edition, enlarged. Crown Svo. 4^. 6d', 

PLANE CO-ORDINATE GEOMETRY, as appUed to the 
Straight line and the Conic Sections. With numerous 
Examples. New Edition, revised and enlarged. Crown 8vo. 
*J5. 6d. 

A TREATISE ON THE DIFFERENTIAL CALCULUS. 
With numerous Examples. New Edition. Crown Svo. 
los. 6d. 

A TREATISE ON THE INTEGRAL CALCULUS AND 
ITS APPLICATIONS. With numerous Examples. New 
Edition, revised and enlarged. Crown Svo. los. 6d. 

EXAMPLES OF ANALYTICAL GEOMETRY OF 
THREE DIMENSIONS. New Edition, revised. Crown 
Svo. 41. 

A TREATISE OA ANALYTICAL STATICS. With 
numerous Examples. New Edition, xevised and enlarged. 
Crown Svo. ibs, 6d, 

A HISTORY OF THE MATHEMATICAL THEORY 
OF PROBABILITY, from tiie time of Pascal to tiiat of 
Laplace. Svo. I&r. 

RESEARCHES IN THE CALCULUS OF VARIA- 
TIONS, principally on the Theory of Discontinuous Solutions : 
an Essay to whidi the Adams Prize was awarded in the 
University of Cambridge in 1871. Svo. 6s* j 
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TOD H II I fT E R ConHmied-^ 

A HISTORY OF THE MATHEMATICAL THEOHIES 
OF. ATTRACTION^ AND THE FIGURE. OF THE 
EARTHf from the time of Newton to 'that of Lapkce. 2 vols. 
8^0. 24/. 

AN ELEMENTARY TREATISE ON LAPLACE:^, 
LAMES, AND BESSECS FUNCTIONS Crown 8va 
IQf. 6^. 

WILSON (J. VL.y-ELEMENTARY GEOMETRY. Books 
I. to V. Containing the Subjects of Euclid's first Six 
Books. Following the Syllabus of the Geometrical Association. 
By J. M. Wilson, M.A., Head Master of Clifton College. 
New Edition. Extra fcap. 8vo. 4J. 6^. 

SOLID GEOMETRY AND CONIC SECTIONS. With 
Appendices on Transversals and Harmonic Division. For fhe 
Use of Schools. By J. M. Wilson, M.A, New Edition. 
Extra fcap. 8vo. 3^. 6d, 

W^ImBOV—GRADUATED exercises in plane TRI- 
GONOMETRY, Compiled and arranged by J. Wilson, 
M.A., and S. R. Wilson, B. A. Crown 8vo. 4j. 6d, 

" The exercises seem beaatifully graduated and adapted to lead a student 
on most gently and pleasantly." — E. J. Routh, F.R.S., St. Peter's CoU^e, 
Cambridge. 

WILSON (W. P.)-^ TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St. John's Collie, Cam- 
bridge, and Professor of Mathematics in Queeh's College, 
Belfast 8vo. gs. 6d, 

WOlMBT^VVLOlAmB—MATHEMATICAL PROBLEMS, on 

Subjects included in the First and Second Divisions of the 
Schedule of Subjects for the Cambridge Mathematical Tripos 
Examination. Devised and arranged by Joseph Wolsten- 
HOLME, late Fellow of Christ's College, sometime Fellow of 
St John's College, and Professor of Mathematics in the Royal 
Indian Engineering College. New Edition greatly enlaiged. 
8vo. iSs, 
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SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS. 

Under the joint Editorship of Professors Huxley, Roscoe, and 

Balfour Stewart. 

"These Primers are extremely simple and attraetive, and thorooslily 
answer their purpose of just leading the young be^nner up to the thresh- 
old of the long avenues in the Palace of Nature which these titles suggest.** 

— GUAKDIAN. 

*' They are wonderfully clear and lucid in their instmctionf ample in 
style, and admirable in plan. " — Educational Timks. 

OBBMIBTRY — By H. E. RosGOB, F.R.S., Professor of 
Chemistry in Owens College, Manchester. With numerous 
Illustrations. i8mo. is. New Edition. With Questions. 
'A very model oi perspicacity and accuracy. "—Chbmist and Drug- 



GIST. 



PHYSICS— By Balfour Stewart, F.R.S., Professor of Natural 
Philosophy in Owens College, Manchester. . With numerous 
Illustrations. l8mo. is. New Edition. With Questions. 

PHYBXCAXi GEOGRAPHY— By ARCHIBALD GeIKIB, F.R.S., 
Murchison Professor of Geology and Mineralogy at Edin- 
burgh. With numerous Illustrations. New Edition, with 
Questions. iSmo. ix. 

*< Everyone of his lessons is ibarked by ampUcity, clearness, and 
correctness. " — Athbnaum. 

GEOLOGY — By Professor Geikie, F.R.S. With numerous 

Illustrations. New Edition. iSmo. cloth, is, 

" It is hardly possible for the dullest child to misunderstsmd the meaning 
of a classification of stones after I^ofessor Geikie's eacplanation."— Scmoox. 
Board Chroniclb. 

PHYBIOXiOGY— By MICHAEL FoSter, M.D., F.R.S. With 
numerous Illustrations. New Edition. i8mo. u. 

"The book seems to as to leave nothing to be denred as an elementary 
text-book. "— Academy. 



j6 macmillan's educational catalogue. 
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80XBN0B PRZMBR8 ConHfwed^ 

ASTRONOMY — By J. NORICAN LOCKYSR, F.R.S. With 

numerous Illustratioiis. New Edition. i8mo. ix. 

» 

" This is altogether one of the most likely attempts we have ever seen to 
bring astronomy down to the capacity fi the young child." — School 

BOAKD ChRONICXB. 

botany— By Sir J. D. Hooker,' K.C.S.L, CcB., President 

of the Royal Society With numerous Illustrations. New 

Edition. iSmo. is, 

''To teachers the Primer will be of inestimable value, and not only 
because of the simplicity o£ the language and the clearness wiUi which the 
subiect matter is treated, but also on account of its coming firom the higtw^ct 
authority, and so furnishing positive information as to the most suitable 
mehods of teaching the science of botany." — Naturb. 

IiOOXC— By Professor Stanley Jevons, F.R.S. New Edition. 

i8mo. is, 

** It appears to tis admirably adapted to serve both as an introduction 
to scientuc reasoning, and as a guide to sound Judgment and reasoning 
in the ordinary afiairs of life." — Academy. 

FOLXTXOAXi BOONOMY— By Professor Stanley Jevons, 
F.R.S. i8mo. IS. 

" Unquestionably in every respect an admirable primer."— School 

BOAKD ChSONICLB. 

In proration : — 
INTRODUCTORY. By Professor Huxley. &c &c. 



ELEMENTARY CLASS-BOOKS. 

ASTRONOMY, by the ABtronomer Rojal. 

POPULAR ASTRONOMY. With Illustrations. By Sir 
G. B. Airy, K.C.6., Astronomer Royal. New Edition. 
i8mo. 4r. 6^. 

ASTRONOMY. 

ELEMENTARY LESSONS IN ASTRONOMY. With 
Coloured Diagram of the Spectra of the Sun, Stars, and 
* Nebulae, and numerous Illustrations. By J. NoRSiAN LOCKYSR, 
F.R.S. New Edition. Fcap. 8vo. Sj. (id. 

"Full, dear, sound, <and worthy of attention, not only at a popolar 
exposition, but as a scientific ' Index.' "— Athbnaum. 
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BlaBMENTARY OZJ)l88-BOOK8 Continued— 

QUESTIONS ON LOCKYERS ELEMENTARY LES- 
SONS IN ASTRONOMY, For the Use of Schools. By 
John Forbes-Robertson. i8mo. doth limp, is, 6d, 

PHYSIOLOGY. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 
numerous Illustrations. ByT. H. Huxley, F.R.S., Professor 
ot Natural History in the Royal School of Mines. New 
Edition. Fcap. Svo. 4^. 6d, 



" Pure gold throughout*— Guardian. 

** Unquestionably the clearest and most complete elementary treatise 
on this subject that we possess in any language. "->Wbstminstbr Ksvibw. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR 
SCHOOLS. By T. Alcock, M.D. i8mo. is. 6d, 



BOTANY. 

LESSONS IN ELEMENTARY BOTANY. By D, 
OuvxR, F.R.S., F.L.S., Professor of Botany in University 
Collie, London. With nearly Two Hundred niustratioHs 
New Edition. Fcap. Svo. 4s. 6d. 

OHBMX8TRY. 

LESSONS IN ELEMENTARY CHEMISTRY, IN- 
ORGANIC AND ORGANIC. By Henry K Roscob, 
F.R.S., Professor of Chemistry in Owens College, Manchester. 
With numerous Illustrations and Chromo-Litho of the Solar 
Spectrum, and of the Alkalies and Alkaline Earths. New 
Edition. Fcap. Svo. 4^. 6d. 

" As a standard general text-book it deserves to take a leading place. "^ 
Spbctator. 

*' We unhentatingly pronounce it the best of all our elementary* treatises 
on Chemistn^" — Medical Times. 

A SERIES OF CHEMICAL PROBLEMS, prepared with 
Special Reference to the alcove, by T. E. Thorpe, Ph.D., 
Professor ol Chemistry in the Yorkshire College of Science, 
Leeds. Adapted for the preparation of Students for the 
Government, Science, and Society of Arts Examinations. With 
a Preface by Professor Roscoe. FifUi Edition, with Key, 
iSmo. 2s. 
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MANUALS FOR STUDENTS. 

Crown 8vo. 

DTER AND VISITS— THE STRUCTURE OF PLANTS. By 
Professor Thisklton Dyer, F.R.S., assisted by Sydney 
Vines, B.Sc, Fellow and Lecturer of Christ's College, 
Cambridge. With numerotis Illustrations. \In preparaiiotu 

TAwomrr—A manual of political economy. 

By Professor Fawcett, M.P. New Edition, revised and 
enlarged. Crown 8vo. 121. 6a. 

FI.BI80HSR— ^ SYSTEM OF VOLUMETRIC ANALY- 
SIS, Translated, with Notes and Additions, from the second 
German Edition, by M. M. Pattison Muir, F.R.S.E. With 
Illustrations, Crown 8vo. 7^. ^^ 

rXtOWBR (W. n.)'-AN INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA, Being the substance of 
the Course of Lectures delivered at the Royal College of 
Surgeons of England in 1870. By Professor W. H. Flower, 
F.R.S., F.R.C.S. With numerous Illustration?. New Edition, 
enlarged. Crown 8vO. lar. 6d, 

rOSTBRaad -BKUTOVR— THE ELEMENTS OF EMBRYO- 
LOGY, By 'Michael Foster, M.D., F.R.S., and F. M. 
Balfour, M.A. Part I. crown 8vo. *js, 6d, 

FOSTER and I.ANOLSY— ^ COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY, By Michael Foster, 
M.D., F.R.S., and J. N. Langley, B,A. New Edition. 
Crown 8vo. 6s. 

ROOKBR [nr.y-THE STUDENTS FLORA OF THE 
BRITISH ISLANDS, By Sir J. D. Hooker, K.CS.L, 
C.B., F.R.S., M.D., D.C.L. New Edition, revised. Globe 
8vo. tor. 6a 
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MANUALS FOR STUDENTS ConAntud-^ 

VLUJLImEY— PHYSIOGRAPHY. An Introduction to the Study of 
Nature. By Professor Huxley, F.R.S. With numerous Illus- 
trations, and Coloured Plates. New Edition. Crown 8yo. *]s.6d» 

HUXLEY and MARTIN^^ COURSE OP PRACTICAL 
INSTRUCTION^ IN ELEMENTARY BIOLOGY. By 
- Professor Huxley, F.R.S., assisted by H. N. Martin, M.B., 
D.Sc. New Edition, revised. Crown 8vo. dr. 

HUXLEY and VASLKSR— ELEMENTARY BIOLOGY. 

PARI II. By Professor HuxLEY, F.R.S., assisted by 

— Parker. With Illustrations. \In preparation. 

a-BVOVB—THE PRINCIPLES OF SCIENCE. A Treatise 
on Logic and Scientific Method. By Professor W. Stanley 
Jevons, LL.D., F.R.S. New and Revised Edition. Crown 
8vo. I2s. 6d. 

OlMlVER(VrotwmoTy-PIRST BOOK OFINDIAN BOTANY. 
By Professor Daniel Oliver, F.R.S., F.L.S., Keeper of 
the Herbarium and Library of the Royal Gardens, Kew, 
With numerous Illustrations. Extra fcap. 8vo. 6s. 6d. 

PARKER and BBTTANY— T'-^-fi MORPHOLOGY OP 
THE SKULL. By Professor Parker and G. T. Bettany. 
ninstxated. ' Crown 8vo. lor. 6^. 

TAIT— -4JV ELEMENTARY TREATISE ON HEAl. By 
Professor Tait, F.R.S.E. Illustrated. [In the press. 

TUOMBON—ZOOLOGY. By Sir C. Wyvillb; THOMSON, F.R.S. 
Illustrated. [In preparation. 

TYLOR and ImAJXKHSTBXL— ANTHROPOLOGY. By E. B. 
Tylor, M.A., F.R.S., and Professor E. Ray Lankester, 
M.A., F.R.S. Illustrated. [In preparation. 

Other volumes of these Manuals will follow. 
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SCIENTIFIC TEXT-BOOKS. 

BALL (R. B., iLM.)^EXPERlMENTAVMECHANICS. A 
Course of Lectures delivered at the Royal Coll^;e of Sdence 
for Ireland. By R. S. Ball, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal College of Science 
for Ireland. Royal 8vo. i6f. 



r^ATEXT'BOOK OF PHYSIOLOGY. By Michael 
Foster, M.D., F.R.S. With Illustrations. New Edition, 
enlarged, with additional Illustrations. 8vo. 2ix. 

GAMOEE —A TEXT-BOOK-, SYSTEMATIC AND PRAC- 
TICAL, OF THE PHYSIOLOGICAL CHEMISTRY OF 
THE ANIMAL BODY, Including the changes which the 
Tissues and Fluids undergo in Disease. By A. Gamgee, 
M.D., F.R.S., Professor of Physiology, Owens College, 
Manchester. 8yo. [In the press, 

QIlG^f9BAVR—ELEMENTS OF COMPARATIVE ANA- 
TOAIY. By Professor Carl Gegenbaur. A Translation by 
F. Jeffrey Bell, B.A. Revised with Preface by Professor 
£. Ray Lankester, F.R.S. With numerous Illustrations. 
8vo. 2 If. 

liJULVBlUB— MECHANICAL THEOR Y OF HE A T. Trans- 
lated by Walter K. Browne. 8yo. [In the press, 

unawcOKB^POPC/LAR ASTRONOMY. By S. Newcomb, 
LL.D., Professor U.S. Naval Observatory. With XI2 Illus- 
trations and 5 Maps of the Stars. 8vo. i&r. 

** It is unlike anything else of its kind, and will be of more use in circulatiog 
a knowledge of astronomy than nine-tenths of the books which have appeared 
on the subject of late years." — Saturday Revien, 



"THE KINEMATICS OF MACHINERY. 
Outlines of a Theory of Machines. By Professor F. Rsulkaux. 
Translated and Edited by Professor A. B. W. KsNNBDY, 
C.E. With 450 Illustrations. Medium 8vo. aiJ. 
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SCIENTIFIC TEXT-BOOKS Continued-- 

ROSCOEand SCHORLEMMER— C^^iI//^7^ F, A Complete 
Treatise on. By Professor H. E. RoscoE, F.R.S., and Pro- 
fessor C. SCHORLEMMER, F.R.S. Medium 8vo. Vol. I. — 
The Non-Metallic Elements. With numerous Illustrations, and 
Portrait of Dalton. 2ij. VoL II. — Metals. Part I. Illus- 
trated. i8j. [Vel. II,— Metals. Part II, in the Prsss. 

SCHORI.EMMER— ^ MANUAL OF THE CHEMISTRY OF 
THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY, By C. ScHORLEMMER, F.R.S. , Professor of 
Chemistry, Owens College, Manchester. With Illustrations. 
8vo. I4r. 

NATURE SERIES. 

THE SPECTROSCOPE AND ITS APPLICATIONS, By 
J. Norman Lockyer, F.R.S. With Coloured Plate and 
numerous Illustrations. Second Edition. Crown Svo. 3j. 6^. 

THE ORIGIN AND METAMORPHOSES OF INSECTS. 
By Sir John Lubbock, M.P., F.R.S., D.C.L. With nume- 
rous Illustrations. Second Edition. Crown Svo. 31. td, 

THE TRANSIT OF VENUS, By G. Forbes, M.A., Pitj- 
fessor of Natural Philosophy in the Andersonian University, 
Glasgow. Illustrated. Crown 8va 31. 6d. 

THE COMMON FROG. By St. George Mivart, F.R.S., 
Lecturer in Comparative Anatomy at St Mary's Hospital. 
With numerous Illustrations. Crown Svo. 3^. 6d. 

POLARISATION OF LIGHT, hy W. Spottiswoode, F.R.S. 

With many Illustrations. Second Edition. Crown Svo. 

3J. 6d. 
ON BRITISH WILD FLOWERS CONSIDERED IN RE^ 

LATION TO INSECTS. By Sir John Lubbock, M.P., 

F.R.S. With numerous Illustratioiis. Second Edition. Crown 

Svo. 4J. 6d. 

THE SCIENCE OF WEIGHING AND MEASURING, AND 
THE STANDARDS OF MEASURE AND WEIGHT. 
By H. W. Chisholm, Warden of the Standards. With 
numerous Illustrations. Crown Svo. 4J. 6d. 
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NATURE 8BRIE8 Continued— 

HOW TO DRAW A STRAIGH7 LINE: a Lecture on Linlc 
ages. By A. B. Kempe. With Illustrations. Crown 8vo. \s, 6d, 

LIGHT: a Series of Simple, entertaining, and Inexpensive Expe- 
riments in the Phenomena of Light, for the Use of Students of 
every age. By A. M. Mayer and C. Barnard. Crown 8vo, 
with numerous Illustrations. 2s» 6d. 

SOUND : a Sc'ies of Simple, Entertaining, and Inexpensive Ex- 
periments in the Phenomena of Sound, for the use of Students 
of every age. By A. M. Mayer, Professor of Physics in 
the Stevens Institute of Technology, &c. With numerous 
Illustrations. Crown 8vo. 3j. 6d. 

Other volumes to follow. 



EASY LESSONS IN SCIENCE. 

HE A T By Miss C. A. Martineau. Edited by Prof. W. F. 
Barrett. \In preparation, 

LIGHT, By Mrs. Awdry. Edited by Prof. W. F. Barrett. 

[/« preparation. 

ELECTRICITY. By Prof. W. F. Barrett. [In preparation. 



SCIENCE LECTURES AT SOUTH 
KENSI^^GTON. 

VOL. I. Containing Lectures by Capt. Abney, Prof. Stokes, 
Prof. Kennedy, F. G. Bramwell, Prof. G. Forbes, H. C. 
SoRBY, J. T. Bottomley, S. H. Vines, and Prof. Carey 
Foster. Crown 8vo. dr. 

VOL. II. Containing Lectures by W, Spottiswoode, P.R.S., 
Prof. Forbes, Prof. Pigot, Prof. Barrett, Dr. Burdon- 
Sanderscn, Dr. Lauder Brunton, F.R.S., Prof. Roscoe, 
md others. Crown 8vo. 6s, 
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MANCHESTER SCIENCE LECTURES 
• FOR THE PEOPLE. 

Eighth Series, 1876-7. Crown 8vo. Illustrated. 6d, each. 

WHAT THE EARTH IS COMPOSED OF. By Professor 
RoscoE, F.R.S. 

THE SUCCESSION OF LIFE ON THE EARTH. By 
Professor Williamson, F.R.S. 

WHY THE EARTHS CHEMISTRY IS AS IT IS. By 
J. N. LOCKYER, F.R.S. 
Also complete in One Volume. Crown Svo. doth. 2J. 

lMULKTORJ}^THE RUDIMENTS OF PHYSICAL GEO- 
GRAPHY FOR THE USE OF INDIAN SCHOOLS; with 
a Glossary of Technical Terms enj^loyed. By H. F. Blanford, 
F.R.S. New Edition, with Illustrations. Globe Svo. 2s, 6d. 

GBIKIB. FIELD GEOLOGY. By Prof. Geikie, F.R.S. 
With Illustrations. Extra fcap. Svo. [Immediately. 

aORDON— ^^ ELEMENTARY BOOK ON HEAT. By 
J. E. H. GORPON, B.A.y Gonville and Caius College, Cam- 
bridge. Crown Svo. 2j. 

M'KBNDRICK— (9£^rZ/iV^5' OF PHYSIOLOGY IN ITS 
RELATIONS TO MAN. By J. G. M'Kendrick, M.D., 
F.R.S. E. With Illustrations. Crown Svo. I2j. dd. 

VLUOJL— STUDIES IN COMPARA TIVE ANA TOMY. 

No. I. — The Skull of the Crocodile : a Manual for Students. 
By L. C. MiALL, Professor of Biology in the Yorkshire College 
and Curator of the Leeds Museum. Svo. 2j. 6^. 

No. II. — Anatomy of the Indian Elephant. By L. C. MlALL 
and F. Greenwood. With Illustrations. Svo. 5*. 

VJ3€B,— PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS^ Specially arranged for the first M.B, Course. By 
M. M. Pattison Muir, F.R.S.E. Fcap. Svo. is, 6d. 

VBJMJSi— AN ELEMENTARY TREATISE ON HEAT, IN 
RELATION TO STEAM AND THE STEAM-ENGINE. 
ByG. Shann, M.A. With Illustrations. Crown Svo. 4;. (id. 

VTBilQVT— METALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS. By C. Alder Wright, D.Sc, &c. 
Lecturer on Chemistry in St, Mary's Hospital Medical School. 
Extra fcap. Svo. 3J. 6tf. 

C2 
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HISTORY. 

VEiT^SVI—STORIES FROM THE HISTOR Y OF ROME, 
By Mrs. Beesly. Fcap. 8to. 2x. dd, 

*' The attempt appears to us in eveiy way successful. The stories are 
interesting in themselves, and are told with perfect simplicity and good 
feeling." — Daily News. 

FREEMAN (EDWARD £k..y-OLD'ENGLISH HISTORY, 
By Edward A. Freeman, D.C.L., LUD., late Fellow of 
Trinity College, Oxford. With Five Coloured Maps. New 
EdiAon. Extra fcap. 8vo. half-bound, dr. 

GBSEN— ^ SH0R7 HISTORY OF THE ENGLISH 
PEOPLE, By John Richard Green. With Coloured 
Maps, Genealogical Tables, and Chronological Annals. 
Crown 8vo. %s, 6cl, Fifty-fifth Thousand. 

'* Stands alone as the one general history of the country, for the sake 
of which all others, if young and old are wise, will be speedily and surely 
set aside." — ^Academy. 

HI8TORICAI. COURSE FOR SCHOOLS — Edited by 

Edward A. Freeman, D.C.L., late Fellow of Trinity 
College, Oxford. 

L GENERAL SKETCH OF EUROPEAN HISTORY, 
By Edward A. Freeman, D.C.L. New Edition, revised 
and enlarged, with Chronological Table, Maps, and Index. 
i8mo. cloth. 3 J. 6d, 

'* It supplies the great want of a good foundation for historical teaching. 
The scheme is an excellent one, and this instalment has been executed u 
a way that promises much for the volumes that are yet to appear."— 
Educational Times. 

II. HISTORY OF ENGLAND. By Edith Thompson. 
New Edition, revised and enlarged, witl/Maps. i8mo. 2Sn td, 

III. HISTORY OF SCOTLAND. By Margamt 
Macarthur. New Edition. i8mo. 2x. 

" An excellent summary, unimp^chable as to facts, and putting then 
in the dearest and most impartial light attainable."— Guardian. 

IV. HISTORY OF ITALY. By the Rev. W. Hunt, M.A. 

i8mo. 31. 

, ** It possesses the same solid merit as its predecessors .... the same 
scrupulous care about fidelity in details. ... it is distinguished, too, by 
information on art, architecture, and social politics, in which the writer's 
IT'aon is seen by the firmness and clearness of his touch" — Educational 

TlMK^. 
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HISTORICAZ. COURSE FOR SCHOOIaS Continued— 

V. HISTORY OF GERMANY, By J, Sime, M.A. 

i8mo. 3^. 

"A remarkably clear'and impressive history of Germaay. Its great 
events are wisely kept as central figures, and the smaller events are care- 
fully kept, not only subordinate and subservient, but most skilAilly woven 
into the texture of the historical tapestry presented to the eye."— 
Standard. 

VI. HISTORY OF AMERICA, By John A. Doyle. 

With Maps. i8mo. 4J. 6tf, 

*' Mr. Doyle has performed his task with admirable care, fulness, and 
clearness, and for the first time we have for schools an accurate and inter- 
esting history of America, from the earliest to the pfesent time."—* 
Standard. 

EUROPEAN COLONIES By E. J. Payne, M.A. With 
Maps. i8mo. 4J. 6</. 

*'We have seldom met with an Historian capable of forming a more 
comprehensive, far-seeing, and unprejudiced estimate of events and 
peoples, and we can commend this httle work as one certain to prove of 
the highest interest to all thoughtful readers." — ^Timbs. 

FRANCE, By Charlotte M, Yonge. [Immediately, 

GREECE, By Edward A. Freeman, D.C.L. 

[In preparatio-n. 

ROME, By Edward A. Freeman, D.C.L. {In preparation. 



HISTORV PRIMERS— Edited by JOHN RICHARD Green. 
Author of " A Short History of the English People." 

ROME, By the Rev. M. Creighton, M.A., Fellow and 
Tutor of Merton College, Oxford. With Eleven Maps. i8mo. 

IJ. 

'*The author has been curiously successful in telling in an intelli- 
gent way the story of Rome fro.n first to last." — School Board 
Chronicls. 

GREECE, By C. A. Fyffe, M.A., Fellow and late Tutor 
of University College, Oxford. With Five Maps. i8mo. \s, 
"We give our unqualified prai»e to this little manual.*'— School- 
mastkr. 

EUROPEAN HISTORY, By E. A. Freeman, D.C.L., 
LL.D. With Maps. iSino. \s, 

** The work is always clear, and forms a lunanous key to European 
history."— ScHOoi. Board Chrgnicla. 
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HISTORY PRIMERS Continued— 

GREEK ANTIQUITIES. By the Rev. J. P. Mahaffy, 

M.A. Illustrated. i8mo. is, • 

" All that is necessary for the scholar to know is told so compactly yet 
so fully, and in a style so interesting, that it is imposnble for even the 
dullest boy to look on this little work in the same light as he regards his 
other school books." — Schoolbaastbk. 

CLASSICAL GEOGRAPHY. By-H. F. Tozer, M.A. 
l8mo. \5. 

"Another valuable aid to the study of the ancient world. ... It 
contains an enormous quantity of information padced into a small ^pace, 
and at the same time communicated in a very readable shape." — ^JOHir 
Bull. 

GEOGRAPHY. By George Grove, D.C.L. With Maps. 
i8mo. i.r. 

* * A model of what such a work should be .... we know of no short 
treatise better suited to infuse life and spirit into the dull lists of pnqper 
names of which our ordinary class-books so often almost exclusively 
consist. ** — TiMBS. 

ROMAN ANTIQUITIES, By Professor Wilkins. IUu»- 
trated. i8mo. i.r. 

" A little book that throws a blaxe of light on Roman History, and 
iS| moreover, intensely interesting. ** — School Board Chronicle. 

FRANCE, By Charloite M. Yonge. i8mo. u. 

In preparation : — 
ENGLAND, By J. R. Green, M.A. 

MICHEI.ET— ^ SUMMARY OF MODERN HISTORY. 
Translated from the French of M. MiCHELET, and continued 
to the Present Time, by M. C. M. Simpson. Globe 8vo. 

OTTk—SCANDINAVIAN HISTORY, By E. C. OttA. 
With Maps. Globe 8vo. df. 

VAJSImI— PICTURES OF OLD ENGLAND, By Dr. R. 
Pauli. Translated i\-ith the sanction of the Author by 
E. C. Ott^. Cheaper Edition. Crown 8vo. 6s, 

TAIT— ANALYSIS OF ENGLISH HISTORY, based on 
Green's "Short History of the English People." By C. W. A. 
Tait, M.A., Assistant Master, Clifton College. Crov^Ti 8vo. 
3^. 6^. 
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YONGB (CHARIiOTTE M.)— ^ PARALLEL HISTORY OF 
FRANCE AND ENGLAND : consisting of Oudines and 
Dates. By Charlotte M. Yonge, Author of "The Heir 
of Redclyffe," &c., &c. Oblong 4to. 3j. (id. 

CAMEOS FROM ENGLISH HISTORY. —FROM 
ROLLO TO EDWARD II. By the Author of "The Heir 
of Redclyffe." Extrafcap. 8vo. New Edition. $s. 

A SECOND SERIES OF CAMEOS FROM ENGLISH 
HISTORY— THE WARS IN FRANCE. New Edition. 
Extra fcap. Svo. ^s, 

A THIRD SERIES OF CAMEOS FROM ENGLISH 
HISTORY— THE WARS OF THE ROSES. New Edition. 
Extra fcap. 8vo. 5^. 

A FOURTH SERIES. [In the press. 

EUROPEAN HISTORY. Narrated in a Series of 
Historical Selections from the Best Authorities. Edited and 
arranged by E. M. Sewell and C. M. Yonge. First Series, 
1003 — 1 1 54. Third Edition. Crown 8vo. ts. Second 
Series, 1088 — 1228. New Edition. Crown %vo. 6s. 



DIVINITY. 

*,* For other Works by these Authors, see Theological 

Catalogue. 

ABBOTT (REV. E. A.)— BIBLE LESSONS. By the Rev. 
E. A. Abbott, D.D., Head Master ,of the City of London 
School. New Edition. Crown 8vo. 4J. 6d. 

** Wise, st^gestive, and really profound initiation into religious thought '* 
— Guardian. 

ARNOLD—^ BIBLE-READING FOR SCHOOLS— THE 
GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters xl. — Ixvi.). Arranged and Edited for Young 
Learners. By Matthew Arnold, D.C.Ia, formerly 
ProfeFsor of Poetry in the University of Oxford, and Fellow 
of Oriel. New Edition. i8mo. cloth, is. 
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ARNOIaD Continued — 

ISAIAH XL.—LXVL With the Shorter Prophecies allied 
to it Arranged and Edited, with Notes, by Matthew 
Arnold. Crown 8vo. Sj. 

GOIiDBN TREASURY PS AIiTER— Students' Edition. Being 
an Edition of "The Psalms Chronologically Arranged, by 
Four Friends," with briefer Notes. i8mo. 3^. 6^. 

GREEK TESTAMENT. Edited, \^dth Introduction and Appen- 
dices, by Canon Westcott and Dr. F. J. A. Hort. Two 
Vols. Crown 8vo. [/« the press. 

HARDWICK— Works by Archdeacon Hardwick. 

A HISTORY OF THE CHRISTIAN CHURCH 
Middle Age. From Gr^ory the Great to the Excommuni- 
cation of Luther. Edited by William Stubbs, M.A., Regius 
Professor of Modem History in the University of Oxford. 
With Foiu: Maps constructed for this work by A. Keith John- 
ston, Fourth Edition. Crown 8vo. lOf. 6d. 

A HIS TOR Y OF THE CHRISTIAN CHURCH DURING 
THE REFORM A TION Fourth Edition. Edited by Pro- 
fessor Stubbs. Crown 8vo. lor. 6</. 

KIKQ-CHURCH HISTORY OF IRELAND, By the Rev. 
Robert King. New Edition. 2 vols. Crown 8vo. 

[In preparation, 

MACIiEAR— Works by the Rev. G. F. Maclear, D.D., Head 
Master of King's College School. 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. 
New Edition, with Four Maps. i8mo. 4J. (>d, 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, 
including the Connection of the Old and New Testament 
With Four Maps. New Edition. i8mo. $s, 6d, 

A SHILLING BOOK OF OLD TESTAMENT 
HISTORY, for National and Elementary Schools. With 
Map. i8mo. cloth. New Edition. 

A SHILLING BOOK OF NEW TESTAMENT 
HISTORY, for National and Elementary Schools. With 
Map. iSmo. cloth. New Edition. 
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M ACLR&R Continued— 

These works have been carefully abridgedfirom the author's 
larger manuals. 

CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND, New Edition. i8mo. cloth. 
is, 6d, 

A FIRST CLASS-BOOK OF THE CA TECHISM OF 
THE CHbRCH OF ENGLAND, with Scripture Proofs, 
for Junior Classes and Schools. i8mo. td. New Edition. 

A MANUAL OF INSTRUCTION FOR CONFIRMA- 
TION AND FIRST COMMUNION WITH PR A VERS 
AND DEVOTIONS, 32mo. cloth eactra, red edges. 2s. 

VL-OImTOAmAH—THE NEW TESTAMENT, A New Trans- 
lation on the Basis of the Authorised Version, from a Critically 
revised Greek Text, with Analyses, copious References and 
Illustrations from original authorities. New Chronological 
and Analytical Harmony of the Four Gospels, Notes and Dis- 
sertations. A contribution to Christian ' Evidence. By John 
Brown M*Clellan, k.A., late Fellow of Trinity College, 
Cambridge. In Two Vols. Vol. I. — The Four Gospels with 
the Chronological and Analytical Harmony. 8vo. 30J. 

'* One of the most remarkable productions of recent tim*s," says the 
Theological Review^ " in this depsMtment of sacred literature ; '* and the 
British Quarterly Review term» it " a thesaurus of first-hand investiga- 
tions." 

MAVB.101&-'THE LORD'S PRAYER, THE CREED, AND 
THE COMMANDMENTS, Manual for Parents and School- 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. Denison Maurice, M.A. i8mo. dotii, limp, is, 

PROCTER—^ HISTOR Y OF THE BOOK OF COMMON 
^ PRAYER, with a Rationale of its Offices. By Francis 
Procter, M.A Thirteenth Edition, revised and enlarged. 
Crown 8va lOf. 6^. 
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PROGTBR AND lAiLOli^kXi— AN ELEMENTARY INTRO- 
DUCTION TO THE BOOK OF COMMON PRA YER. 
Re-arranged and supplemented by an Explanation of the 
Morning and Evening Prayer and the Litany. By the 
Rev. F. Procter and the Rev. Dr. Maclkar. New 
and Enlarged Edition, containing the Communion Service and 
the Confirmation and Baptismal Offices. i8mo. zs, 6a, 

PaAIaMS or DAVID CHRONOIiOGICAIaliY ARRANGBD. 
By Poor Friends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Cr. Svo. &r, 6d. 

ILASMUa— THE CATECHISER'S MANUAL; or, the Church 
Catechism Illustrated and Explained, for the Use of Clergy- 
men, Schoolmasters, and Teachers. By the Rev. Arthur 
Ramsay, M.A. New Edition. i8mo. u. (id, 

BimVBOV— AN EPITOME OF THE HISTORY OF THE 
CHRISTIAN CHURCH. By William Simpson, M.A. 
New Edition. Fcap. Svo. 3j. 6d, 

TRENCH— By R. C. TRENCH, D.D., Archbishop of Dublin. 
LECTURES ON MEDIEVAL CHURCH HISTORY. 
Being the substance of Lectures delivered at Queen's College, 
London. Second Edition, revised. Svo. lis. 

SYNONYMS OF THE NEW TESTAMENT. Eighth 
Edition, revised, Svo. i2s, 

WE8TCOTT — Works by BROOKE Foss Westcott, D.D., Canon 
of Peterborough. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Fourth Edition. With 
Preface on "Supernatural Religion." Crown Svo. los. 6d. 

INTRODUCTION TO THE STUDY OF THE FOUR 
GOSPELS, Fifdi Edition. Crown Svo. loj. 6«/. 
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WESTCOTT Continued — 

THE BIBLE IN THE CHURCH A Popular Account 
of the Collection and Reception of the Holy Scriptures in 
the Christian Churches. New Edition. i8mo. cloth. 
4f . 6^. 

THE GOSPEL OF THE RESURRECTION. Thoughts- 
on its Relation to Reason and History. New Edition. 
Crown 8vo. 6x. 

yfrilMOV—THE BIBLE STUDENTS GUIDE to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By William 
Wilson, D.D., Canon of Winchester, late Fellow of Queen's 
College, Oxford. Second Edition, carefully revised. 4to.. 
cloth. 25J. 

YONGE (CHARIaOTTS VL.y— SCRIPTURE READINGS FOR 
SCHOOLS AND FAMILIES, By Charlotte M. Yonge, 
Author of "The Heir of Redclyffe." 

First Series. Genesis to Deuteronomy. Globe 8vo» 
IS. 6d. With Comments, y. 6d. 

Second Series. From Joshua to Solomon. Extra fcap. 
8vo. is. 6d, With Comments, y, 6d, 

Third Series. The Kings and the Prophets. ' Extra fcap. 
8vo. is. 6d, With Comments, 3j. 6d. ' 

Fourth Series. The Gospel Times, is. 6d. With 
Comments, extra fcap. 8vo., 35. 6d, 

Fifth Series. {Inthepress^ 



MISCELLANEOUS, 

Including works on English^ French, and German Language and 
LUerature, Art Hand-books^ <Sr»r., <5r*r. 



'— ^ SHAKESPEARIAN GRAMMAR. An Attempt 
to illustrate some of the Differences between Elizabethan and 
Modem English. By the Rev. E. A. Abbott, D.D., Head 
Master of the City of London School. New Edition. Extra 
fcap. 8vo. ds. • 
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ANDERSON— Z/iV^^^ PERSPECTIVE, AND MODEL 
DRA WING, A School and Art Class Manual, with Questions 
and Exercises for Examination, and Examples of Examination 
Papers. By Laurence Anderson. With Illustrations. 
Koyal 8vo. 2^. 



^FIRST LESSONS IN THE PRINCIPLES OF 
COOKING. By Lady Barker. New Edition. i8mo. is. 

BSAUMARCHAIS— Zi? BARBIER DE SE VILLE, Edited, 
with Introduction and Notes, by L. P. Blouet, Assistant 
Master in St. Paul's School. Fcap. 8vo. 3^. dd. 



X^FIRST LESSONS ON HEALTH. By J. Ber- 
NERS. New Edition. i8mo. is, 

BtUiKlBTOlf— THE TEACHER. Hints on School Manage- 
ment. A Handbook for Managers, Teachers' Assistants, and 
Pupil Teachers. By J. R. Blakiston, M.A., H.M. Inspec- 
tor of Schools. Crown 8vo. 2s, 6d. 

BREYMANN — Works by HERMANN Breymann, Ph.D., Pro- 
fessor of Philology in the University of Munich. 

A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPLES. Second Edition. Extra fcap. 8vo. 41. &/. 

FIRST FRENCH EXERCISE BOOK. Extra fcap. 8vo. 
4J. 6d. 

SECOND FRENCH EXERCISE BOOK. Extra fcap. 8vo. 
2s. 6d. 

OtLlM-DEKWOOJ^— HANDBOOK OF MORAL PHILOSOPHY. 
By the Rev. Henry Calderwood, LL.D., Professor of 
Moral Philosophy, University of Edinburgh. New Edition. 
Crown 8vo. 6s. _^«_ 

0BI.AMOTTE— ^ BEGINNER'S DRAWING BOOK. By 
P. H. Delamotte, F.S.A. Progressively arranged. New 
Edition improved. Crown 8vo. 3^. 6d. 

TAWCB,TT— TALES IN POLITICAL ECONOMY. By 
MiLLicENT Garrett Fawcett. Globe 8vo. 3J. 
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TBATLOff—SCJ/OOL INSPECTION, By D. R. Fearon, 
M.A., Assistant Commissioner of Endowed Schools. Third 
Edition. Crown 8vo. 25, 6d, 

QJMAJ>«TOni&— SPELLING REFORM FROM AN EDU- 
CATIONAL POINT OF VIEW. By J. H. Gladstone, 
F.R.S., Member for the School Board for London. New 
Edition. Crown 8vo. is. 6d. 

QOImHSHLXTU—THE TRA VELLER, or a Prospect of Society ; 
and THE DESERTED VILLAGE. By Oliver Gold- 
smith. With Notes Philological and Explanatory, by J. W. 
Hales, M.A. Crown 8vo. td, 

QiaLEniH— READINGS FROM ENGLISH HISTORY. Se- 
lected and Edited by John Richard Green, M. A., LL.D., 
Honorary Fellow of Jesus College, Oxford. Three Parts. 
Globe 8vo. is. 6d, each. [Shortly. 



-^LONGER ENGLISH POEMS, with Notes, Philo- 
logical and Explanatory, and an Introduction on the Teaching 
of English. Chiefly for Use in Schools. Edited by J. W. 
Hales, M.A,, Professor of English Literature at Kings 
College, London, &c. &c. New Edition. Extra fcap. 8vo. 
4r. 6d, 

H01.E— ^ GENEALOGICAL STEMMA OF THE KINGS 
OF ENGLAND AND FRANCE, By the Rev. C. Hole. 
On Sheet. \s. 

JOHNSON'S LIVES OF THE POETS. The Six Chief Lives 
(Milton, Dryden, Swift, Addison, Pope, Gray), with Macaulay's 
"Life of Johnson." Edited with Preface by Matthew 
Arnold. Crown 8vo. df. 

IiITSRATURE PRIMERS — Edited by JOHN RiCHAKO Green, 
Author of " A Short History of the EngUsh People." 

ENGLISH GRAMMAR, By the Rev. R. Morris, LL.D,, 
sometime President of the Philological Society. i8mo. 
cloth, is. 
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&ZTBRATURE PRIMERS Continued^ 

ENGLISH GRAMMAR EXERCISES. By R. Morris, 
LL.D., and H. C. Bowen, M.A. i8mo. is, 

THE CHILDREN'S TREASURY OF LYRICAL 
POETRY, Selected and arranged with Notes by Francis 
Turner Palgrave. In Two Parts. i8mo, u. each, 

ENGLISH LITERATURE, By the Rev. Stopford 
Brooke, M.A. New Edition. i8mo. is, 

PHILOLOGY, By J. Peile, M.A. i8mo. \s, 

GREEK LITERATURE, By Professor Jebb, M.A. i8mo. \s, 

SHAKSPERE. By Professor Dowden. i8mo. u. 

HOMER, By the Right Hon. W. E. Gladstone, M.P. 
i8mo. IX. 

ENGLISH COMPOSITION, By Professor NiCHOL. i8mo. 

IS, 

In preparation : — 

GEOGRAPHY OF GREAT BRITAIN AND IRE- 
LAND, By J. R. Green, and Alice Stopford Green. 

[Nearly ready, 

LA TIN LITERA TURE. By Professor Seeley. 

HISTORY OF I HE ENGLISH LANGUAGE, By 
J. A. H. Murray, LL.D. 

MACBKIIaLAN'8 COPY-BOOK8-- 

Published in two sizes, viz, : — 

1. Large Post 4to. Price 4^. each. 

2, Post Oblong, Price yL each. 

*i. INITIATORY EXERCISES 6- SHORT LETTERS, 
*2. WORDS CONSISTING OF SHORT LETTERS^ 
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MACMIIiIaAN'B COPY-BOOKS Continued— 

♦3. LONG LETTERS. With words containing Long 
Letters — Figures. 

*4. WORDS CONTAINING LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. I to 4. 

*5. CAPITALS AND SHORT HALF-TEXT. Words 
beginning with a Capital. 

♦6. HALF-TEXT WORDS, begmning with a Capital- 
Figures. 

♦7. SMALL' HAND AND HALF-TEXT. With Capitals 
and Figures. 

♦8. SMALL-HAND AND HALF-TEXT. With Capitals 
and Figures. 

8a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 5 to 8. 

*9. SMALL-HAND SINGLE HEADLINES— T\^xei&. 

10. SMALL'HAND SINGLE HEADLINES— Vigate^. 

•11. COMMERCIAL AND ARITHMETICAL EX- 
AMPLES, &»c. 

12a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 8 to 12. 

* These numbers may he had with Goodman^ s Patent Sliding 
Copies. Large Post 4to. Price 6d. each. 



By a simple device the copies, which are printed upon separate 
slips, are arranged with a movable attachment, by which they 
are adjusted so as to be directly before the eye of the pupil at 
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MACMIIaXiAN'S COPY-BOOKS Continued^ 

all points of his progress. It enables him, also, to keep his 
own faults concealed, with perfect models constantly in view 
for imitation. Every experienced teacher knows the advantage 
of the slip copy, but its practical application has never before 
been successfully accomplished. This feature is secured ex- 
clusively to Macmillan's Copy-books under Goodman's patent 
An inspection of books written on the old plan, with copies 
at the head of the pa^,will show that the lines last written at 
the bottom are almost invariably the poorest The copy has 
been too far from the pupil's eye to be of any practical use, 
and a repetition and exaggeration of his errors have been the 
result. 

MACMIIai:.AN'S PROGRESSIVE FRENCH COURSB— By 

G. Eugene-Fasnacht, Senior Master of Modem Languages, 
Harpur Foundation Modem School, Bedford. 

I. — First Year, containing Easy Lessons on the Regular Ac- 
cidence. Extra fcap. 8vo. \s, 

II. — Second Year, containing Conversational Lessons on 
Systematic Accidence and Elementary Syntax. With Philo- 
logical Illustrations and Etymological Yocabulary. \s, 6d. 

w 

MACTWrTT.T.AWfl PROaRESSZVB QUBMULN COVB8»— By 

G. Eugene Fasnacht. 

Part I. — First Year. Easy Lessons and Rules on the Regular 
Accidence. Extra fcap. 8vo. is. 6d, 

Part II. — Second Year. Conversational Lessons in Sys- 
tematic Accidence and Elementary Syntax. With Philological 
Illustrations and Etymological Vocabulary. Extra fcap. 
8vo. 2s, 

ULAMTIN — THE POET'S HOUR: Poetry selected and 
arranged for Children. By FRANCES Martin. Third 
Edition. iSmo. 2s. (kd, 

SPRING-TIME WITH THE POETS: Poetry selected by 
Frances Martin. Second Edition. i8mo. 35. 6d, 
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MA8SON (GUBTAVE)— ^ COMPENDIOUS DICTIONARY 
OF TUB FRENCH LANGUAGE (French-English and 
English-French). Followed by a List of the Principal Di- 
verging Derivations, and preceded by Chronological and 
Historical Tables. By Gustave Masson, Assistant-Master 
and Librarian, Harrow School Fourth Edition. Crown Svo. 
half-bound. 6s, 

jaOlMlkx^—LE MA LADE IMAGINAIRE, Edited, with 
Introduction and Notes, by Francis Tarver, M.A., Assistant- 
Master at Eton. Fcap. 8vo. [In Reparation, 

MORRIS — Works by the Rev. R. MoRRis, LL.D., Lecturer 
on English Language and Literature in King's College 
School. 

HISTORICAL OUTLINES OF ENGLISH ACCIDENCE, 
comprising Chapters on the History and Development of the 
Language, and on Word-formation. New Edition. Extra 
fcap. 8vo. 6s. 

ELEMENTARY LESSONS IN HISTORICAL 
ENGLISH GRAMMAR, containing Accidence and Word- 
formation. New Edition. i8mo. 2s, 6d, 

PRIMER OF ENGLISH GRAMMAR. i8mo. u. 

KlCOlr-^ISTORV OF THE FRENCH LANGUAGE, 
with especial reference to the French element in English. By 
Henry Nicol, Member of the Philological Society. 

[In preparation, 

OlMlVOAfrr—THE OLD AND MIDDLE ENGLISH. A 
New Edition of " THE SOURCES OF STANDARD 
ENGLISH" revised and greatly enlarged. By T. Kington 
Oliphant. Extra fcap. 8vo. 9j. 

PALORAVE— T-^iff CHILDREN'S TREASURY OF 
LYRICAL POETRY. Selected and Arranged with Notes 
by Francis Turner Palgravb. i8mo. 2s. 6d, AIsq in 

Two parts. i8mo. is, each. 

• 

PlaUTARCH — Being a Selection from the Lives which Illustrate 
Shakespeare. North's Translation. Edited, with Intro- 
ductions, Notes, Index of Names, and Glossarial Index, by 
the Rev. W. W. Skeat, M.A. Crown 8vo, 6*. 

d 
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vrtMDWt—J^ElV GUIDE TO GERMAN CONVERSA^ 
TION: containing an Alphabetical List of nearly 800 Familiar 
Words followed bj Ezerdses, Vocabulary of Words in frequent 
use ; Familiar Phrases and Dialogues ; a Sketch of German 
Literature, Idiomatic Ezpre&iionsy &c. By L. Fstlodet. 
tSmo. doth limp. 2J. dd, 

A SYNOPSIS OF GERMAN GRAMMAR. From the 
above. i8mo. 6ii, 

RBADKNO BOOKS— Adapted to the English and Scotdi Codes. 
Bound in Cloth. 

PRIMER. i8ma (48 pp.) 2d. 

BOOK L forStendard L z8mo. (96 pp.) ^. 
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i8mo. (144 pp.) 5^. 
i8mo. (160 pp.) 6</. 
i8mo. (176 pp.) 8tf. 
i8mo. (380 pp.) \s. 
VI. Crown 8vo. (430 pp.) 2J. 



Book VI. is fitted for higher Classes, a^ as an Introduction to 
English Literature. 

*' They are fur above any others that have a|>peared both in form and 
substance. . . . The editor of (he inesent series has rightly seen that 
reading books must ' aim chiefly at giving to the pupils the power ol 
accurate, and, if posstble, apt and skilful expression ; at cultivating in 
them a good literary taste, and at arousing a desire ca furdier reading. 
This b done by takiiu^ care to select the extracts fix>m true English r'ayrift, 
going up in StandaroT VI. course to Chaucer, Hooker, and Bacon, as well 
as Wordsworth, Macaulay, and Froude. . . . Thb is quite 00 the risht 
tnek, and indicates justly the ideal which we ought to set before us.^— 
Guardian. 

SHAKBSPSABa-.^ SHAKESPEARE MANUAL. By F. G. 
Flkay, M.A., late Head Master of Skipton Grammar School. 
Second Edition. Extra fcap. 8yo. 4;. Cd. 

AN ATTEMPT TO DETERMINE THE CHRONO* 
LOGICAL ORDER OF SHAKESPE4RE^S PLAYS, 
By the Rev. H, Painb Stokes, B.A. Extiu fcap. 8va 
4r. 6d, 

THE TEMPEST. With Glossarial and Explanatoiy Notes. 
By the Rev. J. M. Jephsok. Second Edition. l8mo. is. 
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80NNBNSCHBIN sad MEIKLBJOHN — THE ENGLISH 
METHOD OF TEACHING TO READ. By A. SoN- 
N£NSCHEiN and J. M. D. Meikijsjohn, M.A. Fcap. (vo. 

COMPRISING : 

THE NURSERY BOOK^ containing all the Twp-Letter 
Words in the Language. \d. (Also in Large Type on 
Sheets for School Walls. 5^.) 

THE FIRST COURSE, consisting of Short Vowels with 
Single Consonants. 6^. 

7HE SECOND' COURSE^ with Combinations and Bridges, 
consisting of Short Vowels with Double Consonants. 6d. 

THE THIRD AND FOURTH COURSES, consisting of 

Long Vowels, and all the Double Vowek in the Language. 

6d. 

" Theie are admirable books* because they are constructed on a prin- 
ciple, and that the simplest principle on whieh it is possible to learn to read 
Itoglish. ' — Spbctatos. 

TAVNBB,— FIRST PRINCIPLES OF A GRICUL TURE. By 
H. Tanner, F.C.S., Professor of Agricultural Science, 
University College, Aberystwith, &c. i8mo. is, 

TAYLOn—H^ORDS AND PLACES; or, Etymological Illus- 
trations of History, Ethnology, and Geography. By the Rev. 
Isaac Taylor, M.A. Third and cheaper Edition, revised 
and compressed. With Maps. Globe 8vo. dr. 

A HISTORY OF THE ALPHABET. By the same 
Author. [In preparaHon, 

TATX.OR— ^ PRIMER OF PIANOFORTE PLA YING. By 
Franklin Taylor. Edited by George Grqvb. i8mo. is. 



--HOUSEHOLD MANAGEMENT AND 

COOKERY. With an Appendix of Recipes used by the 

Teachers of the National School of Cookery. By W. B. 

Tegetmbier. Compiled at the request, of the School Board 

for London. i8mo. is. 
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THRINO— Works by Edward Thring, M.A., Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN 
ENGLISH, With Questions. Fourth Edition. i8mo. 2f. 

THE CHIUys GRAMMAR. Being the Substance of 
"The Elements of Grammar taught in English," adapted for 
the Use of Junior Classes. A New Edition. i8mo. \s, 

SCHOOL SONGS, A CoUection of Songs for Schools. 
With the Music arranged for four Voices. Edited by the 
Rev. E. Thring and H. Riccius. Folio, js, 6d, 

TRENCH (ARCHBISHOP)— Works by R. C TRENCH, D.D., 
Archbishop of Dublin. 

HOUSEHOLD BOOK OF ENGLISH POETRY. Selected 
and Arranged, with Notes. Third Edition. Extra fcap. Svo. 

ON THE STUDY OF WORDS, Lectures addressed 

(originally) to the Pupils at the Diocesan Training School, 
Winchester. Seventeenth Edition, revised. Fcap. Svo. 5^. 

ENGLISH, PAST AND PRESENT, Tenth Edition, 
revised and improved. Fcap. Svo. 5^. 

A SELECT GLOSSARY OF ENGLISH WORDS, used 
formerly in Senses Different from their Present Fcap. 
8vo. 4J. 6d, [New Edition in tht press, 

VAVanAM (C. M.)- WORDS FROM THE POETS, By 
C. M. Vaughan. Eighth Edition. i8mo. cloth, is, 

vmi-R— HARRISON WEIR'S DRAWING COPY-BOOKS. 
Oblong 4to. L Animals. [In preparation, 

WHITNEY— Works by WiLLIAM D. WHITNEY, Professor of 
Sanskrit and Instructor in Modem Languages in Yale College ; 
first President of the American Philological Association, and 
hon. member of the Royal Asiatic Society of Great Britain and 
Ireland ; and Correspondent of the Berlin Academy of Sciences. 

A COMPENDIOUS GERMAN GRAMMAR. Crown 
Svo. 4r. 6J, 
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IVHITNEY Continued-^ 

A GERMAN READER /A PROSE AND VERSE, with 
Notes and Vocabulary. Crown 8vo. 5^. 

y^rBXQirt'^THE school cookery book. Compiled 
and Edited by C. £. Guthrie Wright, Hon. Sec to the 
Edinburgh School of Cookery. i8mo. \s. 

Sir T. D. AcLAND, Bart, says of this book:—'*! think the "School 
Cookery Book " the best cheap manual which I have seen on the subject. 
I hope teachers will welcome it. But it seems to me likely to be even 
more useful for domestic purposes in all ranks short of those served by 
professed cooks. The receipts are numerous and precise, the explana- 
tion of principles clear. The chapters on the adaptation of food to 
varying circumstances, age, climate, employment, health, and on infants' 
food, seem to me excellent." 

^maZTNSY AND BDaRBN^^ COMPENDIOUS GERMAN 
AND ENGLISH DICTIONARY, with Notation of Cor- 
respondences and Brief Etymologies. By Professor W. D. 
Whitney, assisted by A. H. Edgren. Crown Svo. is, td. 

THE GERMAN-ENGLISH PART, separately, 5^. 

YONGS (CHARLOTTB -M^y—THE ABRIDGED BOOK OF 
GOLDEN DEEDS. A Reading Book for Schools and 
general readefs. By the Author of "The Heir of Red- 
clyffe." i8mo. cloth, is. 



MACMILLAN'S 

GLOBE LIBRARY. 

Beautifully printed on toned paper, price y. 6d, eadi. Also kept 
in various morocco and calf bindings, at moderate prices. 

The Saturday Review says : — " The Globe Editions are admirable 
for their scholarly editing, their typographical excellence, their 
compendious form, and their cheapness. 

The Daily Tdfgraph calls it *' a series yet mirivalledt or its com- 
bination of excellence and cheapness/' 

SHAKESPEARBS COMPLETE WORKS, Edited by W. G. 
Clark, M. A. , and W. Aldis Wright, M. A. With Glossary. 

MORTE rt ARTHUR. Sir Thomas Malory's Book oi King 
Arthur and of his Noble Knights of the Round Table. The 
Edition of Caxton, revised for Modem Use. With an Intro- 
duction, Notes, and Glossary, by Sir Edward Strachey. 

BURN^S COMPLETE WORKS: the Poems, Songs, and 
Letters. Edited, with Glossarial Index and Biographical 
Memoir, by Alexander Smith. 

ROBINSON CRUSOE. Edited after the Original Editions, with 
Biographical Introduction, by Henry Kingsley. 

SCOTT'S POETICAL WORKS. With Biographical and Critical 
Essay, by Francis Turner Palgrave. 

GOLDSMITirS MISCELLANEOUS WORKS. With Bio- 
graphical Introduction by Professor Masson. 

SPENCEKS COMPLETE WORKS. Edited, with Glossaiy, 
by R. Morris, and Memoir by J. W. Hales. 

POPE^S POETICAL WORKS. Edited, with Notes and Intro- 
ductory Memoir, by Professor Ward. 

DRY DEN'S POETICAL WORKS. Edited, with a Revised 
Text and Notes, by W. D. Christie, M.A., Trinity CoU^e, 
Cambridge. 

COWPEKS POETICAL WORKS. Edited, with Notes and 
Biographical Introduction, by W. Beniiam. 

VIRGWS WORKS. Rendered into English Prose. With Intro- 
ductions, Notes, Analysis, and Index, by J. I^nsdalb, M.A., 
and S. Lee, M.A. 

II OR A CE. Rendered into English Prose. With running Analysis, 
Introduction, and Notes, by J. Lonsdale, M.A., and S. Lee, 
M.A. 

MIL TON'S POETICAL WORKS. Edited, with Introductions, 
&c., by Professor Masson. 



Published every Thursday^ price 6d, ; Monthly parts^ 
2S. and 2X. 6^/., Half- ^eariy VolumeSy 15X. 

NATURE: 

AN ILLUSTRATED JOURNAL OF SCIENCE. 



Nature expounds in a popular and yet authentic 
manner, the Grand Results of Scientific Research, 
discussing the most recent scientific discoveries, and 
pointing out the bearing of Science upon civilisation 
and progress, and its claims to a more general recog- 
nition, as well as to a higher place in the educational 
system of the country. 

It contains original articles on all subjects within the 
domain of Science ; Reviews setting forth the nature and 
value of recent Scientific Works; Correspondence 
Columns, forming a medium of Scientific discussion and 
of intercommunication among the most distinguished 
men of Science ; Serial Columns, giving the gist of the 
most important papers appearing in Scientific Journals, 
both Home and Foreign; Transactions of the prin- 
cipal Scientific Societies and Academies of the Worla, 
Notes, &C. 

In Schools where Science is included in the regular 
course of studies, this paper will be most acceptable, as 
it tells what is doing in Science all over the world, is 
popular without lowering the standard of Science, and by 
it a vast amount of information is brought within a small 
compass, and students are directed to the best sources 
for what they need. The various questions connected 
with Science teaching in schools are also fully discussed, 
and the best methods of teaching are indicated. 



